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SUMMARY 

This report presents results of Tasks X •’nd II of a study by McDonnell 
Aircraft Company (MCAIR) for NASA Ames Research Center and the U,S, Navy to 
conceptually design two types of Lift/Cruise Fan Technology V/STOL Aircraft. 

The objective was to define two Research Technology Aircraft (RTA) - one using 
turbotip fans and the ocher using mechanically driven fans. A low risk, low 
cost philosophy was used during the design of both aircraft. The approach 
used was to refine the RTA designs previously accomplished under NASA Contract 
No. NAS2-5499 and reported in Report MDC A3440, Volume II. 

The turbotip RTA reflects maximum usage of existing airframe components, 
i.e., T-39 wing and center fuselage, F-101 aft fuselage and empennage, A-6 
cockpit and canopy, and A-4 landing gea'^ The propulsion system consists of 
three General Electric (GE) LCF459 turbotip fans pneumatically interconnected 
to three GE YJ97 gas generators. Thrust modulation is accomplished by use of 
the MCAIR developed Energy Transfer and Control System and Thrust Reduction 
Modulation. This system can also be operated in the two engine/ three fan mode, 
A large thrust to weight margin is available for both normal and emergency 
operation which equates to low risk. Engine-out VTO safety for the maximum 
VTOGW is available at a dry intermediate power setting. 


MODEL 260-RTA-l, TURBOTIP RTA 



The mechanical RTA is virtually identical to the turbotip RTA with thG 
exceptions that a different propulsion system and aft fuselage/tail are used. 
The T-39 aft fuselage and vertical tail are modified and a new horizontal tail 
is used instead of the F-101 assembly to achieve a weight reduction of approxi- 
mately 544 pounds . This weight decrease was required so that engine-out 
vertical landing requirements could be met. The propulsion system consists 
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of three Hamilton Standard 62 Inch diameter variable pitch fans mechanically 
interconnected to three Detroit Diesel Allison XT701 turboshaft engines. This 
aircraft was initially designed using 65 inch diameter fans; however, subsequent 
increases in thrust ratings of the 62 inch diameter fan provided adequate lift 
margins and it was incorporated into the design. The engines use a wet rating 
to achieve engine-out lift requirements. 



Both aircraft meet or exceed all of the mission performance guidelines 
specified in the Statement of Work and reflect a low cost, low risk, approach. 
Additional STO mission performance is available at a reduced load factor, 
thereby providing operational mission demonstration capability. Budgetary 
estimates were prepared for each of the aircraft based on an austere development 
and flight test program and are presented in Volume III of this report. 
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1. INTRODUCTION 

Recent studies by the Navy and NASA have confirmed the future need for a 
high performance V/STOL aircraft for both military and civil applications, The 
Navy requires a multiraisslon V/STOL aircraft in the 1980's capable of sea 
control operations from many platforms as well as ship-to-shore and shore-to~ 
ship functions. The purpose of this study was to define two lift cruise fan 
Research Technology Aircraft (RTA) which can be used for propulsion/control 
system operational demonstration. The specific objectives of the study may be 
summarised as follows: 

Task I; Conceptually design a turbotip lift cruise fan RTA 

Task II: Conceptually design a mechanical lift cruise fan RTA 

Task III: Design and analyze the transmission system components of the 

turbotip and mechanical RTA 

Task IV: Evaluate program variants for cost reduction 

The results of this study are reported in the following three volumes: 
Volume I “ Technology Flight Vehicle Definition 
Volume I" - Propulsion Transmission System Design 
Volume XII ~ Development Program and Budgetary Estimates 
This volume defines the turbotip and mechanical RTA programs proposed to 
assess the benefits of the lift cruise fan V/STOL concept. The major test 
objectives of the technology aircraft program are to: 

o Develop an integrated propulsion/ control system for a V/STOL aircraft 
o Evaluate this concept in powered lift and aerodynamic flight regimes 
0 Exploit the benefits of the lift/cruise fan system 
0 Define future V/STOL aircraft design requirements 
o Obtain operational experience 
0 Develop operating techniques 

o Serve as a facility for control/propulsion system tests 

o Provide the capability to perform experiments related to terminal 
area operation with advanced stabilization, guidance, and navigation 
systems . 

In accordance with the Statement of Work, the design definition study was 
directed toward a minimum cost research program consistent with providing 
maximum research productivity and proper attention to safety. The specified 
Design Guidelines are presented in Appendix A of the report. 

The aerodynamic data and mission capabilities for the aircraft were 
determined and compared to the design guideline requirements and are 


1 



MDC A4551 
VOLUME I 

presented in Section 2 . The description and performance characteristics of 
the two propulsion systems are presented in Section 3, Section 4 Bummariaes 
the vehicle subsystem design characteristics, weight analysis and data base 
summary. An analysis of the aircraft control and handling qualities was 
performed for each aircraft and is summarized in Section 5. Excess control 
margins are provided in all axes for research purposes. 
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2. AERODYNAMICS 
2.1 REQUIREMENTS AMD APPROACH 

The modified T-39 Sabreliner research and technology conceptual aircraft 
design, described. in Report MDC A3440 was refined to achieve raitilmum risk 
and cost while retaining maximum R&D demonstration capabilities with engine out 
safety. Basic design guidelines and criteria for the design definition of the 
lift cruise fan research and technology V/STOL aircraft were specified by 
Attacliment I of the Statement of Work wh ^h is presented in Appendix A. Mission 
requirements, flight safety and operating criteria, handling qualities and 
engine out standards arc prescribed. The aircraft are to be considered in the 
Class II category of MIL-F-83300. Level 1 handling qualities are to be provided 
for normal operation with no failures. Level 2 handling qualities are to be 
provided with a single reasonable failure of propulsion or control system. The 
cruise flight static stability margin without augmentation was defined to be 
5-percent mean aerodyanmic chord at the critical center of gravity. 

Two primary inputs to V/STOL aircraft safety and cost are the number of 
engines and the control system; the latter is discussed in Section 5, Speci- 
fication of the modified Sabreliner design plus the J97 and PD370-24 propulsion 
systems including fan diameters established the aircraft gross weight and 
static thrust performance for both two and three engine configurations. The 
most critical engine-out criteria of the guidelines was the VL requirement with 
a T/W = 1.03 and the conversion requirement which states the maximum speed in 
the powered lift configuration shall be at least 10-percent greater than the 
power off stall speed in the converted configuration for Level 2 operation. 

These specifications and the previous RTA study resulted in the selection of a 
three engine propulsion system which provides the desired performance and 
safety levels. The aircraft operational gross weights are restricted to levels 
established by engine-out capability. 

STO performance at gross weights greater than VTOGW is a function of the 
installed thrust level as defined by the design thrust/VTOGW ratio (T/W = 1.05), 
An RTA VTOGW selection based upon approximately two engine available thrust 
provides the desired safety and performance levels throughout the powered lift 
flight regime. The STO, transition, and conversion can be completed in the 
event of engine failure since the thrsut/weight ratios are maintained at levels 
equivalent to a two engine configuration. The technology aircraft are operated 
with three engines at part throttle during powered lift flight and with two 

rvscD OfvniEL. l. Ai/tcFrAFT coivir*AniY 
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engines during aerodynamic flight. The throttle is advanced to maintain thrust 
level In event of engine failure. 

The lift/cruise fan aircraft configurations selected for the turhotip and 
mechanical fan technology aircraft are the culmination of extensive R&D efforts 
including wind tunnel test programs. Three interconnected fans are spaced 
longitudinally and laterally to maximize control, to provide symmetrical lift 
following an engine failure, and to compensate for suckdown while in ground 
effects. Lift/cruise fans are positioned on top of a low wing at the fuselage- 
wing root juncture to provide power induced lift in STO and transition, to 
reduce thrust trim moments, and to minimize the V/STOL structural penalty; i.e., 
the basic wing structure is maintained intact. A T-tail provides optimum 
stability and control contributions over the operational angles of attack, 
retains adequate control power at post-stall angles of attack, and minimizes 
stabilator trim changes with thrust vectoring, 

Requisites for V/STOL aircraft configuration viability are compatible 
locations for aircraft thrust center (TC) , weight center (CG) , and aircraft 
neutral point (NP). A coincident TC and CG location forward of the NP is 
required to minimize the weight penalties associated with qontrol provisions 
for all operating flight modes and to provide a static stability margin in the 
aerodynamic lift flight mode. The thrust center and most aft .’.enter of gravity 
of the selected configurations are established at 28 percent of the wing mean 
aerodynamic chord and the center- lof gravity travel with fuel use is minimized. 
The aircraft neutral point is positioned at 33 percent MAC by sizing the 
stabilator using wind tunnel test results. 

2.2 BASIC AERODYNAMIC DATA 

The basic aerodynamic data required for performance calculations were 
obtained through use of advanced design techniques, MCAIR lift/cruise fan 
aircraft technology base, technical data reports pertaining to existing aircraft 
components, and wind tunnel tests. 

Mission performance capabilities of the technology aircraft are based on 
the estimated drag characteristics presented in Figures 2-1, 2-2 and 2-3. Ine 
minimum parasite drag consists of component skin friction drag modified for 
shape, roughness, and interference plus incremental drag for appendages and 
trim. Incremental appendage and trim drags are based on previous lift/ cruise 
fan aircraft R&D efforts. The mechanical RTA exhibits the lowest aerodynamic 
minimum drag since the cruise engines are integral with the fans (part of 

MCDonii\iEi.i. Aiacfs/nr^T companv 
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FIGURE 2-1 
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propulsion internal drag) rather than enclosed in fairings aside of the 
fuselage as for the gas drive version. The lift coefficient at rainiraum drag 
(CLb) as determined from model test is approximately 0.15. Figures 2-4 and 2-5 
show the trimmed drag polars for the turbotip and mechanical fan aircraft at 
various flight Mach numbers. The drag polars are supplemented by basic aero- 
dyanmic data, Figures 2-6 through 2-9, prepared in previous MSA/Navy Design 
Definition Studies. These estimated aerodynamic data assume the Sabreliner wing 
leading edge slat is locked and sealed in its retracted position. For the high 
lift configuration estimated data, the Sabreliner flap is assumed modified to a 
plain flap of reduced span. 

2.3 PERFORMANCE 

2.3.1 TAKEOFF AND LANDING - The definitions for determining the RTA gross 
weights for VTOL, STOL and emergency engine-out conditions were established by 
the guidelines and by separate inputs from NASA. 

VTOGW - Gross weight with fuel for a (5) circuit test mission, 2500 lb 
payload; thrust = 1.05 VTOGW, 

STOGW - Gross weight with fuel for an (11) circuit test mission, 2500 lb 
payload , 
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FIGURE 2-4 

TURBOTIP AND MECHANICAL RTA 
TRIMMED LIFT COEFFICIENT 
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FIGURE 2-6 
TURBOTIP RTA 
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STOW (Alternate) - Gross weight with fuel for a (2) hour cruise/loiter test 
mission, 2500 lb payload. 

VLGW - Gross weight with fuel for a (2) circuit test mission, 2500 lb 
payload; engine out thrust = 1,03 VLGW. 

By NASA direction, the vertical takeoff and landing analyses assumed zero net 

ground effects; i,e, the fountain effects nullify any suckdown forces and the 

reingestion effects are negligible. 

Both RTA's have more than adequate thrust margins during normal three 
engine operation. The engine out vertical landing requirement of a T/W = 1,03 
at VLGW was the most critical sizing factor and established the need for a 
three engine configuration for both the turbo tip and mechanical RTA. 

The use of the YJ97 engines in the turbotip RTA resulted in a significant 
thrust/weight margin for both normal and engine out conditions. The engine out 
requirements can be met with the remaining engines at an Intermediate dry power 
setting. In fact, at this power setting the normal five circuit vertical 
mission gross weight at a T/W = 1.05 can be achieved with two engines thereby 
providing complete engine out safety during maximum VTOGW. This large thrust/ 
weight for an RTA results in a low risk program. The turbotip RTA thrust/weight 
summary is Shown in Figure 2-10. 


FIGURE 2-10 

TURBQTIP RTA THRUST/WEIGHT SUMMARY 
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The XT701 engines used in Che mechanical RTA provide a large thrust margin 
for normal operation at an Intermediate dry power setting; however, water 
injection is required to meet the engine out vertical landing requirements. 

The engine out thruet shown In the thrust/weight summary, Figure 2-11, is for 
an Intermediate Wet rating plus 25®F temperature increase. It is apparent that 
the thrust margin required to meet the guidelines can probably be attained with- 
out using the 25 °F temperature increase. If necessary, additional engine out 
thrust margin could be attained by (1) better engine/fan matching (2) increased 
engine temperature or (3) reduced payload. Both aircraft meet the design 
requirements of the study. 

The STO performance of the RTA was determined and is presented in 
Figure 2-12 in terms of STOGW/VTOGW ratio as a function of ground roll distance 
and wind velocity. These estimates assumed a takeoff thrust equal to 1,05 VTOGW 
which is well below that available with three engines at intermediate thrust. 

The powered induced lift. Figure 2-13, used in the analysis reflects recent 
wing tunnel data; this factor is less than that used in previous studies. The 
STO technique used is as follows : 

o Warmup plus cockpit checkout 

o Thrust vector angle, 0 r 'v 17 degrees 

o Throttle advance, brake release to initiate ground roll acceleration 

o Thrust vector increase. to 'i* 55 degrees plus aircraft rotation to 
0.8 in 1.5 seconds 

Q Aircraft liftoff, climbout, minimum a/g = 0.065 

The 11 circuit STO and 2 hr Gruise/Endurance missions do not tax the 
aircraft's STO capabilities. With increased internal fuel, the RTA could have 
a STOGW of 32,000 lbs at a load factor of 2.0g. At this STOGW the STOGW/VTOGW 
ratio would be 1.265. At zero wind conditions, this weight would require a 
ground roll of only 325 feet. The ground roll required for the 2 hr cruise/ 
endurance mission would be less than 150 feet. At small STOGW/VTOGW ratios and 
takeoff distances, pilot technique is the determining factor and vector angle 
increase without aircraft rotation would provide good STO performance. 

2.3.2 FLIGHT ENVELOPES - The powered lift mode flight envelopes for the turbo- 
tip and mechanical RTA are shown in Figures 2-14 and 2-15 for both VTO and STO 
gross weights. The data is presented for thrust levels corresponding to both 
a 1.05 VTOGW and the three engine intermediate rating. The powered lift maximum 
speed corresponds to a lift/cruise and lift fan resultant vector angle of 
40 degrees. At altitudes of 8,000 10,000 ft, conversion speed overlaps in 
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FIGURE 2-11 

MECHANICAL RTA THRUST/WEIGHT SUMMARY 
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MODEL 260 RTA STO PERFORMANCE 
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FIGURE 2-14 
TURBOTIP RTA 
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FIGURE 2-15 
MECHANICAL RTA 
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excess of 20 percent are available at test mission STOGV/ and thrust ° 1.05 
VTOGW. The aircraft have a significant hover capability when using three 
engines at intermediate power. 

The flight envelopes at a thrust level of 1.05 VTOGW (solid lines) show 
compliance with the forward flight performance requirements, S.L, 89,8°F 
atmosphere, in event of any reasonable failure of a power plant. The require- 
ments at STOGW are: 

0 Complete takeoff and continue accelerated flight with positive 1 1/2 
degree climb angle, and 

o The maximum speed in the powered lift configuration shall be at least 
10 percent greater than the power-off stall speed in the converted 
configuration. 

Since the engine out thrust for the turbotip RTA exceeds that required for 
normal powered lift operation, Section 2.3.1, the solid lines on the powered 
lift flight envelopes can be used to assess engine out STOGW performance. The 
altitude and conversion velocity overlap capabilities at STOGW indicate engine 
out performance in excess of the requirements. 
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The mechanical RTA ratio of engine out thrust to that for 1.05 VTOGW is 
0.955. Figure 2-15 shows that a change in thrust from three engine inter- 
mediate power to 1.05 VTOGW (ratio = 0.84j reduces the Sea Level maximum Mach 
number for the S'fOCW from 0.36 to 0.315. An additional thrust reduction to the 
engine out level (ratio = 0.955) results in Mmax of about 0.3 which indicates an 
acceptable conversion speed overlap and climb performance for engine out STO 
opetation. 

Figures 2-16 and 2-17 present the aerodynamic lift mode flight envelopes 
for the turbo tip and mechanical RTA at standard atmosphere, Basic Flight Design 
Gross Weight, and two engine Intermediate dry rating. In the aerodynamic lift 
mode two engines power the lift/cruise fans, the third engine is at idle or 
shut down, and the lift fan is shut down with its nozzle exit closed and faired. 
The minimum Mach number below 20,000 feet altitude is defined by the power off, 
maximum usable lift coefficient. Optimum loiter and cruise speeds are shown as 
a function of altitude. The guideline minimum cruise speed requirements, 

300 KEAS at sea level and 0.7M at 25,000 feet, are attainable but exceed the 


FIGURE 2-16 
TURBOTIP RTA 

FLIGHT ENVELOPE - AERO LIFT MODE 
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FIGURE 2-17 
MECHANICAL RTA 

FLIGHT ENVELOPE - AERO LIFT MODE 



optimum cruise speed values. The maximum Mach number for the turbotip and 
mechanical fan aircraft is 0,8 and 0.7 at 30,000 feet, respectively. Each 
aircraft exhibits an absolute ceiling greater than 40,000 feet. 


2.3.3 MISSION CAPABILITY - Tlie RTA requirements for the VTOL, STOL, and 
cruise/ endurance type missions with 2500 lb of payload were established by 
the design guidelines and are shown in Figure 2-18, The VTOL and STOL missions 
demonstrate takeoff, conversion, reconversion, and landing around an oval 
course. The cruise/endurance mission demonstrates the aircraft characteristics 
in aerodynamic flight with a minimum requirement of two hours mission time. 

For analysis purposes, the mission time on station was defined as loiter plus 
cruise at optimum altitude. 

The mission weights for the turbotip and mechanical RTA are shown in 
Figures 2-10 and 2-11 and include O.W.E., payload and fuel for each mission. 

The fuel breakdown for VTO and STO circuits for each RTA is presented in 
Figures 2-19 through 2-22. The fuel breakdown includes warmup, circuit fuel 
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FIGURE 2-20 
TURBOTIP RTA 


STO MISSION FUEL BREAKDOWN 
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FIGURE 2-21 
MECHANICAL RTA 
VTO MISSION FUEL BREAKDOWN 
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FIGURE 2-22 
MECHANICAL RTA 
STO MISSION FUEL BREAKDOWN 
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and reserves. When determining fuel load for takeoff and landing gross weight 
estimates, the warmup fuel was assumed to be consumed prior to takeoff, The 
mission profile used for the cruise/endurance mission is shown in Figure 2-23. 

The mission performance for the turbotip and mechanical RTA is presented 
in Figures 2-24 and 2-25 respectively. The fuel tankage in the RTA is sized 
for the two-hour mission; however, adequate volume is available for additional 
tanks. The mission performance is shown for a spectrum of weights from the 
2 hour mission TOGW to a 32,000 lb TOGW which represents a load factor of 
2,0 g. At the 32,000 lb TOGW with internal fuel, the loiter or combined cruise 
and loiter time on station is approximately four hours for either RTA. The 
maximum loiter time on station for a given TOGW occurs at the climb distance: 

40 nm for the turbotip RTA and 90 nm for the mechanical RTA. Optimum cruise 
and loiter altitude, and Mach number performance as a function- of average weight 
is also presented. 

2,3,4 CO'NTROL IW GROSS WIMP - The RTA were evaluated as to compliance with the 
requirement that at least 50% of the specified normal control power shall be 
available for maneuvering after the aircraft is trimmed in a 25 kt crosswind. 
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FIGURE 2-25 
MECHANICAL RTA 



The primary sources of the forces and momenta In a croaswind are the ram drag 
effect of inlet mass flows and aerodynamic loads on the fuselage and vertical 
tail. The maximum trim force and moment occur when the flow is normal to the 
aircraft plane of symmetry. Figure 2-26 presents the control required for 
trimming in a 25 Vt crosswind at various hover gross weight levels. The yaw 
control is the most critical; the turbotip RTA control satisfies the requirement 

while the mechanical RTA shows 5k to 58 percent of the proposed control is used 
for trim, An increase in yaw control through a small increase in lift and 

lift/cruise vane deflection is required to fulfill the crosswind requirement. 

The mechanical RTA lift/cruise inlet location (approximately 5 ft forward of 
the aircraft C.G.) is the source of an unstable moment due to ram drag, a 
moment much larger than for the turbotip RTA since its lift/cruise inlet is 
relatively close to the C.G. 
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FIGURE 2-26 

RTA CONTROL REQUIRED - HOVER IN 25 KT CROSSWIND 
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3. PROPULSION SYSTEMS 

3.1 TURBOTIP RTA 

3.1.1 CONFIGURATION - The turbotlp RTA propulsion system, illustrated in 
Figure 3-1, consists of three LCF459 turbotip fans driven by three inter- 
connected YJ97 gas generators. These units provide both lift and aircraft 
control during VTOL, along with horizontal thrust for conventional wingborne 
flight. A fuselage nose lift fan and two over-the-wlng mounted lift/cruise 
fans, each with their own thrust vectoring systems, produce the required lift 
for VTOL operation. Aircraft control during the powered lift mode is obtained 
by utilizing the Energy Transfer and Control (ETaC) concept, described in 
Report MDC A3440. During conventional flight, the third engine and the nose 
fan are shut down, and the lift/cruise fans provide thrust for horizontal 
flight. 

3.1.2 ENGINE AND FAN DESIGN - The YJ97-GE-100 gas generator is a single-spool 
turbojet engine with a 14-stage axial compressor and a two-stage turbine. 
Geometric and installed performance characteristics are presented in Figure 3-2. 
The current status and availability of the YJ97 are described briefly in 
Figure 3-3. The engine has been tested in a full scale ETaC program at MCAIR, 
described in Report MDC A1588, which demonstrated the ETaC control principle 
and the compatibility of the YJ97 with the ETaC system. 

The LCF459 turbo tip fan is a 59 inch diameter, single-stage, fixed pitch 
fan with a design pressure ratio of 1.319. It has a single-stage turbine 
mounted on the fan tip, which extracts power to drive the fan directly from the 
gas generator exhaust gases. A schematic of the fan and uninstalled performance 
characteristics are presented in Figure 3-4. 

3.1.3 ENERGY TRANSFER AND CONTROL (ETaC) SYSTEM - Energy transfer and control 
of the power generated by the three gas generators is accomplished with the 
gas interconnect ETaC system shoTO in Figure 3-5. The system is designed to 
distribute the available power to the lift and lift/ cruise fans during all 
modes of operation. During STOL and VTOL operation the ETaC system delivers 
gas power to each of the three fans as necessary to produce balanced thrust 
(lift) and roll and pitch attitude control. Yaw control is achieved with 
lateral thrust deflection vanes in the thrust vectoring systems downstream of 
each fan. During wingborne or conventional flight the th.'rd engine and nose 
fan are shut down, and gas power is delivered only to the two lift/cruise fans. 
Attitude control is then accomplished with conventional aerodynamic aircraft 
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FIGURE 3-1 



VECTORING SYSTEM 
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FIGURE 3-4 

LCF 459 rURBOTIP FAN DESIGN CHARACTERISTICS 



UNINSTALLED CHARACTERISTICS AT INTERMEDIATE 
S.L. STATIC. STANDARD PAY 
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FIGURE 3-5 
GAS RTA ETaC SYSTEM 



VALVE 


control surfaces. In the event of engine failure or shutdown in either flight 
regime of any one of the gas generators, the ETaC system isolates the failed 
engine from the distribution system and continues to distribute the remaining 
gas horsepower to the fans. 

The ETaC system used in this study consists of two primary flow paths: 
side gas generator to lift/cruise fan and third engine to lift fan, as illus- 
trated in Figure 3-5. In the lift/cruise flow path, the engine exhaust first 
passes through an isolation valve (a simple butterfly valve) and then to the 
lift/cruise ETaC modulation valve. This valve is strictly a pressure control 
device and is not required to seal in the closed position. Downstream of the 
ETaC valve is a 1/3 scroll shutoff valve (butterfly), shown in Figure 3-6. 

The scroll employed in this study is referred to as the Scroll-in-Scroll, which 
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FIGURE 3-6 

SCROLL- IN-SCRQLL CONCEPT 
(BASELINE DESIGN) 



consists of an outer scroll (2/3 arc) and an inner scroll (1/3 arc). During 
normal operation both the ETaC and 1/3 scroll valves are open, to provide lOOX 
arc admission. Following an engine failure, the 1/3 scroll shutoff valve is 
closed and only the remaining 2/3 portion of the scroll is utilized. 

In the lift fan flow path, the third gas generator exhaust flow is directed 
down and forward by the diverter valve. This valve is the same design as the 
General Electric diverter valve used on the XV-5 except it is slightly larger. 
The gas flows forward past the interconnect duct to the lift fan ETaC/shutoff 
valve. This valve serves as both a pressure control device in the "V" mode 
and a shutoff valve in cruise. The lift fan scroll contains a l/3 shutoff 
valve iuentical to the one in the lift/cruise fan scrolls. A simplified gas 
distribution s’- item was devised just prior to the conclusion of this study, and 
is described in Section 3.1.8. 

The total duct and scroll pressure loss to the nose fan is slightly greater 
than that to the lift/ cruise fans; therefore, a larger nose fan tip turbine 
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nozzle area ia required Co achieve equal flow distribution. Since identical 
lift and lift/cruise turbine nozzles were desired, discussions were held with 
General Electric which resulted in sizing all tip turbines to the required 
nose fan area with a preset on the lift/cruise ETaC valves to equalize the 
total pressure losses. Equal flow to all three fans was achieved but at a cost 
of approximately 2.4% thrust loss when compared to a gas distribution system 
without the valve preset. General Electric has recently developed a method, 
Section 3.1.8, which eliminates the need for the valve preset and the attendant 
thrust loss. 

3.1.4 THRUST VECTORING AMD THRUST MODULATION SYSTEMS - The lift and lift/cruise 
fans are each equipped with thrust vectoring and Thrust Reduction Modulation 
(TRM) systems. Thrust direction in the aircraft vertical plane is mechanically 
controlled such that during vertical takeoff through transition to wingborne 
flight, large thrust pitching moments are avoided by proper thrust vectoring, 
leaving full pitch control available at any powered flight condition. Thrust 
is also vectored transversely (side force) for yaw control during powered lift 
mode. Thrust modulation devices reduce the thrust at any one or two of the 
three fans during pitch or roll control demands only. 

The lift fan nozzle and its associated functions are shown in Figure 3-7. 
Lateral louvers vector exhaust flow from 40° to 105° from horizontal. Longitu- 
dinal vanes vector the exhaust flow transversely for yaw control. TRM is 
achieved- by rotating adjacent louvers in cpposite directions, as was done on 
the XV-5, to spoil nose fan thrust. The longitudinal vanes function as closure 
doors after conversion to aerodynamic flight. The fan is tilted forward 15° 
to improve inlet performance and to reduce the peak thrust deflection required 
in the vertical plane. MCAIR studies show that reduced time, fuel, and exposure 
to engine failure during takeoff and landing result with this vectoring system 
when compared to a similar aircraft without a nose fan vectoring system. 

A significant amount of in-house and NASA- funded developmental testing 
has been conducted on the MCAIR design "D" vented thrust vectoring nozzle. This 
nozzle configuration is illustrated in Figure 3-8 in each of its primary 
functional modes, high speed cruise, low speed cruise, longitudinal vectoring, 
yaw vectoring, and thrust reduction modulation. The designation, ”D" verted, 
is used primarily to identify the shape of the nozzle exit in its cruise and 
VTO positions and the open or "vented" lower elbow corner which Is formed in 
the VTO position. The venting feature, on the basis of MCAIR small scale and 
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FIGURE 3-7 
TURBOTIP RTA 

FORWARD FAN NOZZLE FUNCTIONS 






■■D" VENTED LIFT/CRUISE VECTORING NOZZLE 



HIGH SPEED CRUISE 





VTO AND REVERSE VECTORING 
THRUST REDUCTION MODULATION (TRM) 
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NASA-funded large scale test results, provides entrainment of ambient air into 
the lower elbow corner region of the ozzle flow and results in improved 90“ 
vectoring performance over that of an unvented design. 

3.1.5 PROPULSION SYSTEM PERFORMANCE 

VTO Performance - Figure 3-9 summarizes three engine, normal po-,.ered lift 
performance. These data Indicate that 

(1) The thrust/weight ratio at Intermediate power, based on 5 VTO circuits 
of fuel, is 1.45. This means that the engines and fans can be run 
at substantially reduced power settings for a T/W = 1.05 takeoff 
condition, 

(2) When operating at these reduced power settings, the resulting exhaust 
gas temperatures (1200 - 1250 °F) are similar to the operating tempera- 
tures used In the XV-5 program. 

Engine out performance is shown in Figure 3-10. Again, as with the normal 
ratings. Intermediate power provides excess thrust margin. Therefore, at the 
required thrust to weight of 1.03, reduced power and reduced exhaust gas 
temperatures result. In addition, the Intermediate Dry rating provides ade- 
quate lift to insure complete engine out safety for a 5 circuit VTO mission. 
Additional VTOL and cruise performance, ram drag characteristics, component 
geometric descriptions, and other detailed data is provided in Appendix B. 

Control Performance - A summary of control performance is presented in 
Figures 3-11 and 3-12. Three engine VTO coirtrol performance. Figure 3-11, 
shows the considerable excess control margin available. The cross-hatched 
areas designate required control margin and, as shown, additional control margin 
is available, if desired, for more extensive aircraft flight research. Also, 
the excess available thrust means that the aircraft can be loaded up to approxi- 
mately 32,000 lb (2 g limit) for additional STOL research. Similarly, for 
engine out operation, Figure 3-12 Illustrates significant excess control margin 
at T/W = 1.03. Also, the application of required control results in only a 
very small change in fan speed for both normal and engine out operation. 

Engine and Fan Operating Conditions - Figure 3-13 shows engine operating 
characteristics as represented by the YJ97 compressor map. At hover, a 22.5% 
engine stall margin exists, dropping to 20.0% for maximum control operation. 
Additional stall margin is available by lowering the operating line, which 
would result in a slight decrease in lift. 
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Fan operating characteristics are displayed on the LCF459 fan map, 

Figure 3-14. General Electric selected the operating line to provide a con- 
stant 18% stall margin. For normal and engine out operation, the fani- are 
operating at considerably reduced speed. As with the engine operating line, 
a slight decrease in lift can be exchanged for a large increase in stall margin. 
3.1.6 COMPONENT DESIGN GUIDELINES - Internal and external geometry, inlet 
ateas, and total pressure recovery for the side and top gas generator inlets 
are shown in Figures 3-15 and 3-16, respectively. Figure 3-17 presents similar 
design guidelines for the nose fan unit, and Figure 3-18 for the lift/cruise 
unit. All inlets were sized to provide a total pressure recovery ^.988 for 
static operation. Auxiliary inlets were not required for the RTA. 


FIGURE 3-9 
TURBOTIP RTA 

(3) YJ97-GE-100/(3) LCF 459 FANS 
NORMAL POWERED LIFT 

INSTALLED VTOL PROPULSION SYSTEM PERFORMANCE 
SLS, 89.8°F 



POWER RATINGS 





REDUCED 



MAX DRY 

I NT. DRY 

POWER 

PARAMtItKb 

(T/W = 1 .48)* 

(T/W = 1.45)* 

(T/W = 1.05)* 

GAS GENERATOR 




RPH 

* Ngg 

GaHI] 

[ToTTsI 

[30] 

TIT 





EGT 

■’F 

1 1452] 

1 1431 1 

1 12141 

EGP 

psia 

51.19 

50.42 

41.11 

Wq 

LB/SEC 

66.41 

65.77 

56.9 

Wf 

LB/HR 

4754 

4627 

3319 

wl 

LE/SEC 

65.42 

64.81 

560 

H20/Wa % 

0.0 

0.0 

0.0 

FANS 





RPH (FWDl % Nf 

94.7 

93.7 

80.3 

RPH 

L/C) % Np 

r94'.7] 

113771 

1 80.31 

Wa 

FWD) LB/SEC 

571.84 

565.39 

481 .0 

Ha 

L/C LB/SEC 

571.84 

565.39 

481.0 

Fn 

FWD LB 

12560 

12276 

8910 

Fn 

L/C) LB 

12436 

12154 

8820 

TOTAL PROPULSION SYSTEM 




LIFT 

LB 

[374321 

1365841 

[26^ 

Wf 

LB/HR 

14262 

138B1 

9957 

lIft 

SFC LB/HR-LB 

.381 

.379 

.375 


*5 CIRCUITS FUEL 
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FIGURE 3-10 
TURBOTIP RTA 

(3) yJ97-GE-100/(3) LCF 459 FANS 
ENGINE OUT LIFT RATINGS 
INSTALLED VTOL PROPULSION SYSTEM PERFORMANCE 
SLS, 89,8°F 


Parameters 

Power Ratings 

Emergency 

Dry 

(T/U = 1,281* 

Intermediate 

Dry 

(T/W = 1.13)* 

Reduced Power 
(T/H = 1.03)* 

Gas Generator 

|i07.0| 

LMo] 

54. A7 
68.08 
5468 ■ 

66.90 
0.0 
0.0 

86.1 

LB.1] 

520.82 

520.82 

10,156 

10,055 

[30;'^ 

10,936 

.361 



RPM S Ngg 

TIT °F 

EGT “F 

EGP psia 

Wq lb/ sec 

Wf Ib/hr 

Wa Ib/sec 

HzO/Wa % 

H 2 O Ib/sec 

Fans 

RPM (Fwdl % Np 

RPH (L/C) % Np 

Wa (Fwd) Ib/sGc 

Wa (L/Ci Ib/sec 

Fh (Fwd) lb 

Fn (L/C) lb 

Total Propulsion System 
Lift fb 

Wf Ib/hr 

Lift SFC Ib/hr-lb 

llOl'.Bl 

ruTsi 

49.79 

65.70 

4570 

64.76 

0.0 

0.0 

B1.6 
f 81.61 
496.2 
496.2 
8955 
8866 

126,687, 

9140 

.342 

L99^ 

[T3lig1 

46.92 

63.04 

4’47 

61.89 

0.0 

0.0 

78.0 

IM 

474.3 

474.3 

8178 

8096 

|24,370| 

8294 

.340 


*2 Circuits Fuel 


FIGURE 3-n 
TURBOTIP RTA 

INSTALLED CONTROL PERFORMANCE FOR THREE ENGINE VTO OPERATION 
(3) YJ97-GE-100/{3) LCF 459 FANS 
SEA LEVEL, 89. 8° F 

GROSS WEIGHT = 25286 LB (5 CIRCUITS FUEL) 


SYSTEM OPERATING CHARACTERISTICS 


ONE LIFT/CRUISE FAN THRUST 
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FIGURE 3-12 
TURBOTIP RTA 

INSTALLED CONTROL PERFORMANCE FOR ENGINE OUT VTO OPERATION 
(3) YJ97-GE-100/(3) LCF 459 FAN SYSTEM 
SEA LEVEL, 89.8'F 

GROSS WEIGHT = 23660 LB (2 CIRCUITS FUEL) 

SYSTEM OPERATtHG CHARACTERISTICS ONE LIFT/CRUISE FAN THRUST 



9A 96 98 TOO IDE 104 106 

% Ngg - PERCENT 



94 96 98 100 lOE 104 106 108 

GENERATOR SPEED - % RPM 


FIGURE 3-13 
TURBOTIP RTA 

ENGINE OPERATING CONDITIONS 

NORMAL OPERATIOM MAX CONTROL OPERATION 



WAcg ■ CORRECTED AIRFLOW - LB/SEC 


STALL MARGIN - 


" ^'^operacingl 


PR. 


operating 


N/Ze" 


PR = Coxaptessor pressure retio 
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FIGURE 3-15 

GAS GENERATOR SIDE INLET DESIGN GUIDELINES 


0 lOTERHAI. GEOMETRY 


- MAX IKTERHAL WALL ANGLE (Okax) 

- CONTRACTION RATIO (Rhl/%iP^ 

- INLET LIP CONTOUR 

- INTERNAL DUCT CONTOUR 

- diffuser length RATIO (Lp/De) 

- ENGINE FACE DIA'ffiTER (De) 

0 EXTERNAL GEOMETRY 


5° nt .5 Lp 
l.AO 

2(1 ELLIPSE 
CUniC CONTOUR 
1.39 

20. IS IN. 


- LIP LEADING EDGE RADIUSl (Rle) 

- COWL CONTOUR 


DAC-3 SHAPF. 


o INLET AREAS 

“ *HL “ - 2 < 60 B FT^ 

- Ajh “ 1.920 FT^ 

O INLET STATIC PERFORMANCE 

- PRESSURE RECOVERY > .988 
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FIGURE 3-16 

GAS GENERATOR TOP INLET DESIGN GUIDELINES 
(FOR 3RD ENGINE) 


o IHTEHNAl. CEOKEIRY 


- KAX INTERNAL WALL ANGLE (OhaX) 

- CUNTRACTICK RATIO (Rul/Rth)^ 

- INLET LIP CONTOUR 

- INTERNAL DUCT CONTOUR 

- DIFFUSER LENGTH RATIO (Ld/De) 

- ENGINE FACE DIAMETER <De> 

0 EXTERNAL GEOMETRY 

- HP LEADING EDGE RADIUS (Rle) 

- COWL CONTOUR 


9“ at .5 Le 
l.AO 

2:1 ELLIPSE 
CUUIC CONTOUR 
.50 

20.15 IN. 


b^/a 

DAC-3 SHAPE 


o INLET AREAS 

- AHL - 2-710 FT^ 

- Am - 1.920 FT^ 

0 INLET STATIC PERFORMANCE 

- PRESSURE RECOVERY i .988 



DAC-3 

Rle-*- 


\ 


2tl ELLIPSE- 


alb 


-TTK- 



«MAX_j t i 

^ 1 1 1 


-4_U- 


FIGURE 3-17 
TURBOTIP RTA 

NOSE FAN UNIT DESIGN GUIDELINES 


o INTERNAL GEOMETRY 

- INLET LIP CONTOUR “ 1.41:1 ELLIPSE 

- CONTRACTION RATIO * 1.84 


o INLET AREAS 


a 


Q 


- AjiL ° 4185 IN.^ 

- Ath = 2278 IN. 2 

INSTALLED STATIC PERFORMANCE 

- INLET RECOVERY t .988 

- NOZZLE THRUST COEFFICIENT 
VECTORING REQUIREMENTS 

- articulating VANES: 40" i 

- YAW VANES; ±16° 
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FIGURE 3-18 
TURBOTIP RTA 

LIFT/CRUISE UNIT DESIGN GUIDELINES 

internal geometry 0 EXTERNAL GEOMETRY 


- MAX INTERNAL WALL ANGLE (UMAX) 

- INLET LIP THICKNESS RATIO (Y/Rhl ) 

- INLET LIP CONTOUR 

- LIP LEADING EDGE RADIUS (RLip) 

- INTERNAL DUCT CONTOUR 


“ 7“ 0 ,5 Lo 

.10 

- 2:1 ELLIPSE 
= .05 Rhl 
= CUBIC CONTOUR 


- COWL thickness RATIO (Rhl/RHAX) 

- COWL FINENESS RATIO [Lc/IRmAX - 

- COWL CONTOUR 

- DRAG RISE MACH NUMBER 


Rhl)] 


- .85 
» 6.0 
= DAC-3 
“ 0,80 


0 INSTALLED STATIC PERFORMANCE 


0 INLET AREAS 


- INLET RECOVERY i 0,988 - THROAT =■ 14. 5 FT^ 

- NOZZLE THRUST COEFFICIENT =0.94 - HIGHLIGHT = 18.13 FT^ 




3.1.7 INSTALLATION FACTORS - A summary of propulsion system installation 
factors for VTO operation is shown in Figure 3-19, along with the lift allow- 
ance associated with each factor. In addition to previously discussed 
allowances. General Electric included a 3% net thrust derate in their data. 

By direction of NASA, ground affects and reingestion allowances were not con- 
sidered for this study. 

Conventional flight installation factors are presented in Figures 3-20 
and 3-21. The lift/cruise ETaC valve preset was removed for conventional flight, 
thus dropping the compressor operating line, and resulting in a slight decrease 
in intermediate power thrust, relative to a system with a smaller tip turbine 
area and no valve preset. 

3.1.8 GENERAL ELECTRIC DESIGN CHANGES - Just prior to the conclusion of this 
study. General Electric simplified the scroll design, revised the method for 
achieving equal flow distribution, and revised fan and engine weights. However, 
these changes were not received in time to be included in this study. The 
changes and their impact on performance and weight are discussed below. 

o The new scroll design, referred to as the Valve-in-Scro7 1, is shown 
schematically in Figure 3-22. When compared with the baseline design, 
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FIGURE 3-19 
TURBOTIP RTA 

PROPULSION SYSTEM INSTALLATION FACTORS 
VTO OPERATION 


COMPONENT INSTALLATION LOSS 

INSTALLATION FACTOR 

TOTAL LIFT ALLOWANCE 

GAS GENERATORS 



INLET PRESSURE RECOVERY 

0.3BB 

1.52% 

COMPRESSOR BLEED 

1/2K 

1.06 

HORSEPOWER EXTRACTION 

25 HP/ENG. 

0.2S 

L/C FANS 



INLET PRESSURE RECOVERY 

0.9B8 

2.50 

HORSEPOWER EXTRACTION 

50 HP/ FAN 

0.31 

NOZZLE THRUST COEFFICIENT 

O.9A0 

A. 00 

NOSE FAN 



INLET PRESSURE RECOVERY 

0.988 

1.30 

NOZZLE THRUST COEFFICIENT 

0.950 

1,67 

INTERCONNECTING DUCTING 

10, 


L/C FAN DUCT PRESSURE LOSS 

A. 12 

NOSE FAN DUCT PRESSURE LOSS 

10, 3X 

2.06 

SCROLL PRESSURE LOSS 

5% 

3.00 

ADDITIONAL PERFORMANCE ALLOWANCES 



THRUST DERATE 

3.00 

GROUND EFFECTS/HEINGESTION 

0 % 

0,00 



24.89% 


(1) BASED ON PRESET ETaC VALVE ANGLE (aP = 6. IS) 
. APPROACH FOR TRIMMING LIFT 


(2) SUPPLIED BY ENGINE CO. 

(3) BASED ON INSTALLED LIFT OF 2655D LB 


FIGURE' ‘3‘-20 
TURBOTIP RTA 

PROPULSION SYSTEM INSTALLATION FACTORS 
CONVENTIONAL FLIGHT 

COMPONENT 
INSTALLATION LOSS 


NOMINAL 

INSTALLATION FACTOR 


GAS GENERATORS 
INLET PRESSURE RECOVERY 
COMPRESSOR BLEED 
HORSEPOWER EXTRACTION 


SEE FIGURE 3-21 

1 7o 

25 HP/ENG 


L/C FANS 

INLET PRESSURE RECOVERY 
HORSEPOWER EXTRACTION 
NOZZLE THRUST COEFFICIENT 


SEE FIGURE 3-21 
25 HP/FAN 
.98 


INTERCONNECTING DUCTING 

L/C FAN DUCT PRESSURE LOSS 4.2% 

NOSE FAN DUCT PRESSURE LOSS 

SCROLL PRESSURE LOSS 5% 


ADDITIONAL PERFORMANCE ALLOWANCES 
THRUST DERATE 3% 

ENGINE BAY VENTILATION AND ECS DRAGS (a) 

NOTE: (a) 10% OF INTERMEDIATE POWER GAS GENERATOR RAM DRAG AT ALL 

MACH/ALTITUDE/POWER SETTINGS 
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FIGURE 3-21 
GAS RTA 

ESTIMATED INLET TOTAL PRESSURE RECOVERY 
CONVENTIONAL FLIGHT 



FLIGHT MACH NUMBER' 
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FIGURE 3-22 

VALVE- IN-SCROLL CONCEPT 



ETaC 

MODULATION 

VALVE 


the inner scroll is replaced by a 120“ arc with a wall on one end and 
a shutoff valve on the other. The ETaC valve remains a pressure 
control device only. 

o General Electric also devised a new method for obtaining equal flow 
distributioii. By installing the turbine stator nozzles in the lift 
fan at 'ightly different angle than those in the lift/cruise fan, 
a larg. ft fan turbine stator nozzle effective area can be attained. 
This method obviates the need for the lift/ cruise ETaC valve preset 
and removes its accompanying thrust penalty, 
o The fan weight increased because General Electric selected less 
expensive materials to reduce cost. 

In addition to the items listed above, the engine weight decreased because 
the original weight included the exhaust nozzle, which is not required in 
MCAIR's installation. The impact of these changes on performance has been 
assessed and is shown in Figures 3-23 and 3-24, The most significant change 
is a 4.24% increase in engine out lift, which translates to an increase of 
1132 pounds at Intermediate power. 
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FIGURE 3-23 
TURBOTIP RTA 

EFFECT OF GE CHANGES ON AIRCRAFT PERFORMANCE AND WEIGH T 


PRESSUHE LOSS 
FACTOR 

VALUE (t) 

LIFT ALLOWANCE {L) 

NORMAL 

ENG, 

OUT 

OASELINE 

CURRENT 

BASELINE 

CURRENT 

BASELINE 

CURRENT 

0 L/C ETaC VALVE 

7.3 

l.Z 

Z.9Z 

.48 

Z.9Z 

,4B 

0 SCROLL 







- NORMAL 360“ OPER. 

S.O 

Z.9 

3.0 

1.74 

— 

— 

. ENG. OUT ZAO" OPER. 

5,0 

Z.O 


— 

3.0 

l.ZO 


TOTAL LIFT ALLOW. 



5.9Z 

1 .68 


TOTAL LIFT CHANGE = 


I + 4..Z4 J 



WEIGHT PER UNIT 

(LB) 

COMPONENT 

BASELINE 

CURRENT 




719 




916 


TOTAL WEIGHT CHANGE = [+30 Tb] 


FIGURE 3-24 
TURBOTIP RTA 

EFFECT OF GE CHANGES ON AIRCRAFT PERFORMANCE 
INTERMEDIATE POWER, DRY 


OPERATING 

BASELIN 

E DESIGN 

CURRENT G 

E DESIGN 

THRUST 

CONDIT^^N 

LIFT (LB) 

T/Vi 

■WaMIMliM 

T/W 

INCREASE (LB) 

NORMAL 

36,584 

1.45* 

37,938 

1.5C* 

1354 

ENGINE OUT 

26,687 

1.13** 

27,819 

1.18** 

1132 


*5 CIRCUrS FUEL 
**2 CIRCUITS FUEL 


3.2 MECHANICAL RTA 

3.2.1 CONFIGURATION - The mechanical RTA propulsion system, shown in Figure 3-25, 
consists of three Detroit Diesel Allison (DDA) XT701 turboahaft engines, two 
supercharged and one non-supercharged, and three variable pitch mechanically 
driven fans. As with the turbotip RTA, the nose lift fan and two over-the-wing 
mounted lift/cruise fans produce the required lift for VTOL operation. Aircraft 
control during the powered lift mode is achieved by utilizing variable fan 
blade pitch and power transfer between fans. During conventional flight, the 
third engine and the nose fan are shut down and the lift/cruise fans provide 
thrust for horizontal flight. 
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FIGURE 3-25 

MECHANICAL RTA PROPULSION SYSTEM 



3.2.2 ENGINE AND FAN DESIGN - The XT? 01 turboshaft engine is a single-spool 
design with a 12-stage axial compressor, a two-stage high pressure turbine, 
and a two-stage low pressure turbine. Physical characteristics and uninstalled 
performance characteristics are presented in Figure 3-26. Engine testing 
accomplishments and availability are described in Figure 3-27. 

The 62-inch Hamilton Standard (HS) variable pitch fan is a single stage, 
1.20 pressure ratio design. The variable pitch capability allows fan thrust 
to be modulated without changing fan speed. A schematic of the nose fan along 
with installed, tropic day, static performance is shown in Figure 3-28. 

The lift/cruise propulsion unit, \ -f erred to by DDA as PD370-25A, consists 
of a 62-inch variable pitch fan connected by a reduction gear to an XX701 
turboshaft engine. Figure 3-29 includes a schematic of the lift/cruise unit 
together with available uninstalled performance char.icteristics . 
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FIGURE 3-?6 

XT/01 TURflOSIIAFT ! NO INF 



UNINSTALLED ENGINE CHARACTERISTICS 
S.L.S. , 59“F 
INTERMEDIATE 


Ngg. wm (RPM) 
CPR 

AV6. PR/STAGE 

WAgg, lb/sec 

TIT, °R 
EGT, °R 
SHP 


Wga^", lb/sec 

WF, LB/HR 
WEIGHT, LB 


100.0 (15049) 
12.3:1 
1.21 

44.3 

2097 

8079 

45.4 
3780 

765 


FIGURE 3-27 

XT701-AD-700 ENGINE DEVELOPMENT TESTING ACCOMPLISHMENTS 


COHPOWEHT TESTS : 
CQ.MPRESSOR RIC TESTS : 
TUR8IHE tlQT CASCADE ; 

COMBUSTOR RIG TEETS : 

ENGINE TESTS; 


OVER SO DIFFERENT TESTS 
2 CONFIGURATIONS - 
1 CONFIGURATION - 

8 CONFIGURATIONS - 

1432 HR. TOTAL 


104 HR, 

8 HR, BURN 
15 HR. AIR 

111 HR. BURN 
349 HR. AIR 

581 HR. ENDURANCE 


COMPLETED 30 HOUR PROTOTYPE PRELIMINARY FLIGHT RATING TEST MARCH 1975 
COMPLETED 60 HOUR SAFETY DEMONSTRATION TEST AUGUST 1975 


501-M62 ENGINE DEVELOPMENT TESTING ACCOMPLISHMENTS 

ENGINE DEVELOPMENT AND ACCEPTANCE TESTING 496 HR. 

BOEING VERTOL DSTR TESTING 418 HR. 


TOTAL C01M62 i XT701-AD-700 ENGINE TEST TIME 


2346 HR. 


ENGINES AVAILABLE FOR RTA PROGRAM: 


5 (IN ARMY INVENTORY) 
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FIGURE 3-28 
MECHANICAL RTA 
NOSE FAN UNIT 


INSTALLED DESIGN CHAHACTERISTICS 

c I c Qiv^r 

INTOTIEDIATE DflV 


FAN DIA, , IN 

62 

Nrftfj, '.;rpm 
Nfan, RPM 

IQO 

VtiP, ft/sec 

932 

Wfan. LB/SEC 

697.0 

WEIGHT, HOSE FAN. LB 

1047 

FAN THRUST, LB 

9461 

THRUST/WEIGHT 

9.04 

AS FAN, DEGREES 

-4 

HP REQ'D 

6159 



FIGURE 3-29 

MECHANICAL RTA PROPULSION SYSTEM 
LIFT/CRUISE UNIT 


UNINSTALLED PERFORMANCE CHARACTERISTICS 
S.L.S., 59“F 
INTERMEDIATE 


COMPRESSOR PRESSURE RATIO 12.3 
OVERALL PRESSURE RATIO )4.8 
HEIGHT. (L/C UNIT). LB 2361 



3.2.3 POWER TRANSMISSION SYSTEM - The power transmission system transfers 
horsepower between the engines and fans, via mechanically linked shafts and 
gearboxes, as shown in Figure 3-30. The supercharged turboshaft engines pro- 
vide horsepower to the lift/cruise fans through a reduction gear, and to a 
central combiner gearbox and clutch assembly through the same reduction gear 
and a right angle, power takeoff gear. The center, non-supercharged engine, 
also feeds into the combiner gearbox. A .shaft from the combiner box runs 
forward to the nose, then through a right angle gearbox to drive the lift fan. 
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FIGURE 3-30 
MODEL 260-RTA-2 
PROPULSION SYSTEM 



The transmission system is designed to distribute the available power to 
the lift and lift/cruise fans during all modes of operation. During STOL and 
VTOL operation the system distributes power to each fan as necessary to produce 
baJanced lift and pitch and roll attitude control. Yaw control is achieved 
with lateral thrust deflection vanes in the thrust vectoring systems downstream of 
each fan. After conversion to wingborne flight, the third engine and nose 
fan are shut down, and power is delivered only to the two lift/ cruise fans. 
Attitude control is then accomplished with conventional aerodynamic control 
surfaces. In the event of engine failure or shutdown of any one of the engines, 
during VTO or conventional flight, the transmission system distributes the 
remaining horsepower proportionately to each of the fans to maintain balanced 
lift and control. 

3.2.4 THRUST VECTORING AMD THRUST MODULATION SYSTEMS - The lift and lift/ 
cruise fan thrust vectoring systems are essentially the same as those pre- 
viously described for the turbotip propulsion system and illustrated in 
Figures 3-7 and 3-8. The primary difference is that TRM is not required on 
the mechanical system, due to the variable pitch capability. 
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3,2.5 PROPI'LSION SYSTEM PKRFOltNANCl!: 

VTO Performance - Installed VTOL performance is summarized in Figure 3-31. 
For normal, three engine operation, intermediate power provides considerable 
excess thrust (T/W = 1.25) for a five circuit VTO mission. However, for engine 
out operat.ton, water injection is necessary to produce enough fan thrust to 
provide "two circuit" engine out capability. Additional VTOL and cruise per- 
formance, ram drag characteristics, component geometric descriptions, and 
other detailed data on the mechanical RTA propulsion system are included in 
Appendix C. 

Control Performance - As previously discussed, aircraft control during 
powered lift ia achieved by varying fan blade pitch. Figure 3-32 provides a 
summary of powered lift control performance and indicates that a significant 
control margin is available for a single lift/cruise fan running at constant 
speed. The data available at this time was based on partial fan maps and did 
not encompass most of the operational points. Therefore, a large amount of the 
performance data used in the analysis was determined by extrapolation. The 
excess thrust available for normal operation would permit the RTA to be loaded 
to a higher gross weight, if this was desired for additional STOL research. 

Fan Operating Conditions - Approximately one week prior to the conclusion 
of the study, variable pitch fan maps were received from Hamilton Standard for 
a range of blade angles from a AP of +7.3° to -17°. The fan maps for two blade 
angle positions, A3 = 0° and Afi = +7.3°, with the selected fan operating line 
superimposed are siiown In Figures 3-33 and 3-34. Based on the map data, fan 
lift and stall margin characteristics as a function of AB at a corrected fan 
speed of 100 percent were determined for both normal operation. Figure 3-35, 
and engine out operation. Figure 3-36. The available lift line is shown on 
these curves and varies somewhat from that shown in Figure 3-32. During maxi- 
mum control, stall margins of 23% during normal operation and 27% during engine 
out operation are available. These curves can also be used to Interpret the 
effect on stall margin as VTOGW increases. For example, if a 31,000 lb VTOGW 
were used with the engines operating at intermediate power the maximum control 
point would be at a AB of +7.3° resulting in a stall margin of less than 
10 percent, Figure 3-37. 

3,2.6 COMPONENT DESIGN GUIDELINES - Nose fan unit, lift/cruise unit, and third 
engine inlet design guidelines are presented in Figures 3-38, 3-39, and 3-40, 
respectively. The lift and lift/cruise inlets were sized to achieve 0.388 
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FIGURE 3-32 

MECHANICAL RTA CONTROL PERFORMANCE 
LIFT/CRUrSE FAN 
SLS, 89.8'’F 
100% Np 

NORMAL OPERATION ENGINE OUT OPERATION 
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FIGURE 3-33 

VARIABLE PITCH FAN MAP (62" DIA.) - AB = 0° 
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FIGURE 3-35 
MECHANICAL RTA 

62" FAN STALL MARGIN, NORMAL OPERATION 
SLS, 89.8°F 



FIGURE 3-36 
MECHANICAL RTA 

62" FAN STALL MARGIN, ENGINE OUT OPERATION 
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FIGURE 3-37 
MECHANICAL RTA 

62" FAN STALL MARGIN, INTERMEDIATE POWER (T/W = 1.05) 

SLS, sg.s^’F 
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FIGURE 3-38 
MECHANICAL RTA 

NOSE FAN UNIT DESIGN GUIDELINES 

0 INTERHftl GEOMETRY 

- INLET UP CONTOUR ■= 2:1 ELLIPSE 

- CONTRACTION RATIO = lUS 


0 


0 


INLET AREAS 


- Ahl = 35Bfl IN. 

- Ath = 2472 IN. 


2 

2 


INSTALLED STATIC PERFORHAHCE 

- INLET RECOVERY = .988 

- NOZZLE THRUST COEFF, = 0.95 



■! 7 f-000 


tzcoo 


- /ococ 

LIFT 

FM 

- BOCO 

''LB 


(.000 


WOOD 


Hzcwo 
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FIGURE 3-39 
MECHANICAL RTA 

LIFT/CRUISE UNIT DESIGN GUIDELINES 

0 IME R NAL GEOMETRY 

- MAX INTERtlAL WALL ANGLE ( i^x) 

- INLET LIP TlliCKIlEbS HATIO (Y/Rhl) 

- INLET LIP CONTOUR 

- LIP LEADING EDGE RADIUS (Rlip) 

- INTERNAL DUCT CONTOUR 

0 EXTERNAL GEOMETRY 

- COWL THICKNESS RATIO (Rrl/Rhax) 

- COWL FINENESS RATIO [Lc/(R(.WX ' ^Hl)] 

- COWL CONTOUR 

0 INLET AREAS 

- THROAT >> 16.63 FT? 

- HIGHLIGHT ^ 20.79 FT^ 


.10 

2;1 LLLIPSE 
.05 Rhl 

CUBIC CONTOUR 


.85 

6.0 

DAC-3 SHAPE 


0 INSTALLED STATIC PERFORMANCE 

- TNLET RETSVEItl ' = . 98B 

- NOZZLE THRUST COEFFICIENT = .940 




FIGURE 3-40 
MECHANICAL RTA 

THIRD ENGINE INLET DESIGN GUIDELINES 


o IHTERNAL GEOHETRY 

- CONTRACTION RATIO (Rhl/RTH)^ 

- INLET LIP CONTOUR 

- ENGINE FACE DIAMETER (Dr) 

- DIFFUSER WALL ANCLE (20viall) 

- DUCT INSIDE TURN RADIUS (Rq) 

- TURN CONTRACTION RATIO (RsTA IS/Re)^ 


2.0 

2sl ELLIPSE 
18.4 In. 

7 * 

27 In. 

1.18 


o EXTERNAL GEOHETRY 

- LIP LEADING CONTOUR (Rle) 

- COWL CONTOUR 


b^/n 

DAC-3 SHAPE 
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total pressure* recovery during static operation. The third engine inlet recov- 
ery is slightly lower, 0.975, because of the inlet ducting required for this 
engine location, As with the turbotip propulsion system, to keep costs os low 
as possible, auxiliary inlets were not employed on the mechanical system. 

3.2.7 INSTALLATION FAGTOUS - A sununary of propulsion system installation 
factors for VTO operation and the lift allowance associated with each factor 
are shown in Figure 3-41. No engine company derate was included in the data 
received; and, as stated previously in the turbotip system description, no 
ground effects or reingestion allowances were used in this study. DDA assumed 
100% supercharging for all performance, and Included a 2% fan horsepower 
allowance due to flow past a dead engine during engine out pneration. 

One other installation factor, lift/cruise nozzle thrust coefficient, 
deserves additional comment. In the fan performance data received, for operat- 
ing conditions of interest, the fan stator exit static pressure was less than 
ambient static pressure. Entering the "D" vented nozzle performance map. 

Figure 3-42, at a static pressure ratio corresponding to the engine out operat- 
ing condition, would result in a VTO thrust coefficient that would not provide 
sufficient lift for engine out safety. Since the nozzle performance is 
sensitive to entrance static pressure, a procedure was requl/ed to increase 
this pressure, and thus improve the thrust coefficient. The method selected 
involved diffusing the flow in both the fan stators and the fan duct downstream, 
before reaching the nozzle venting lip. Hamilton Standard provided data 
Indicating the amount of diffusion which could be accomplished in the stators 
and the associated fan performance and stall margin penalties. Performance 
with and without this stator diffusion is shown in Figure 3-43. Diffusing 
from 0,96 to 1,03 static pressure ratio resulted in approximately 1% loss in 
gross fan thrust and a 7% loss in fan stall margin, from 27% to 20%. However, 
with the higher fan exit static pressure plus additional duct diffusion, the 
thrust coefficient was raised to 0.95, Figure 3-42. When the 1% loss in gross 
thrust is taken into consideration, the effective thrust coefficient reduced 
to 0.94. The nose fan nozzle thrust coefficient of 0.95 was achieved in a 
similar manner employing additional stator diffusion. 

Conventional flight installation factors are presented in Figures 3-44 
and 3-45. 
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FIGURE 3-41 
MECHANICAL RTA 

PROPULSION SYSTEM INSTALLATION FACTORS 
VTO OPERATION 



NOMINAL 

TOTAL LIFT« 

COMPONENT 

INSTALLATION FACTOR 

ALLOWANCE % 

TURBOSHAFT ENGINES , 

PRESSURE RECOVERY‘S 

.975 

1.04 

COMPRESSOR AIRBLEEO^ (LB/SEC) 

0.10^ 

0.52 

HORSEPOWER EXTRACTION^ 

125C 0^* 

1.23 

L/C FAN AND NACELLE 

PRESSURE RECOVERY 

.988 

4.00 

DUCT PRESSURE LOSS 

(b) 

3.3^ 

(FAN COLD STREAM) 

NOZZLE THRUST COEFFICIENT 

.94 

4.00 

LIFT FAN SYSTEM 

PRESSURE RECOVERY 

.988 

2.00 

NOZZLE THRUST COEFFICIENT 

.95 

1.67 

CENTER GEARBOX 

HORSEPOWER EXTRACTION 

0 

0 

HORSEPOWER LOSS 

(b) 

1.33 

ADDITIONAL PERFORMANCE ALLOWANCES 

NET THRUST DERATE 

0 

0 

SUPERCHARGING 

100% 

0 

FAN HP ALLOWANCE DUE TO DEAD ENGINE 

2% 

1.33 

GROUND EFFECTS/REINGESTION 

0 

0 

20.46 


NOTES; (a) PER ENGINE 

b) FURNISHED BY ENGINE CO. 

(c) SUPERCHARGED ENGINE 
d) NON-SUPERCHARGED ENGINE 
(e) BASED ON INSTALLED LIFT OF 26953 LB 
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FIGURE 3-43 
MECHANICAL RTA 

EFFECT OF STATOR DIFFUSION OF FAN & NOZZLE STATIC PERFORMANCE 


WITHOUT DIFFUSION IH STATOR 


STATION 
Ps/Pa 
M, 


■ .96 
i .501 


'EXIT 
STATION © 
PsPa “ 1-0 
= .427 


0 Cf^ 
0 A, 


"EXIT 

Serf. 

‘NOZ 


.879 
5780 IN. 


Z 



WITH DIFFUSION IH STATOR PLUS DOWNSTREAM 


0 STATION ® 

Ps/Pa '=1.03 

•^EXIT ° 

0 STATION © 

Ps/Pa = 1.0/ 
«EXIT = -282 
0 Cf « .940 
9 eFF. 

0 A^q2 = 8370 IN. 2 
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FIGURE 3-44 
MECHANICAL RTA 

PROPULSION SYSTEM INSTALLATION FACTORS 
CONVENTIONAL FLIGHT 


Component 

Cruise 

Engine 


Pressure Recovery^ 

See Figure 3-45 

Compressor Airbleed® (Ib/sec) 

0.10 

Horsepower Extraction^ 

40^ 

Noszle Thrust CoeTflcicnt 

.98 

L/C Fan and Nacelle 


Pressure Recovery 

See Figure 3-45 

Duct Pressure Loss 

(b) 

(Fan Cold Stream) 


Nozzle Thrust Coefficient 

.98 

Additional Performance Allowances 


Net Thrust Derate 

0 

Center Gearbox 


Horsepower Extraction 

0 

Horsepower Loss 

(b) 


Notes : 


(a) Per Engine 

(b) Included in Engine Co. Perfonnance 

(c) Supercharged Engine 

(d) Non-Supercharged Engine 
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FIGURE 3-45 
MFrUANTTAI RTA 

ESTIMATED INLET TOTAL PRESSURE RECOVERY 
CONVENTIONAL FLIGHT 


LIFT/CRUISE FANS 



FLIGHT MACH NUMBER 
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4. FLIGHT VEHICLE DESIGN 

4.1 TURBOTIP RTA 

4.1.1 GENERAL ARRANGEMENT - The turbotip RTA airframe reflects a maximum utili- 
zation of GFE components as illustrated in Figure 4-1. The airframe consists of 
a modified T-39 center fuselage and wing, a modified F-101 aft fuselage and 
empennage, a new airframe forward fuselage, a modified A-6 cockpit, and an A-4 
landing gear and brakes. The propulsion system consists of three LGF459 turbo- 
tip fans powered by three YJ97 engines. They are interconnected by the ETaC 
system. The propulsion and ETaC systems are described in Section 3.1 and 
Volume IT of this report respectively. The principal weights and geometric 
characteristics of the vehicle are shown in Figure 4-2. The general arrange- 
ment, wetted areas, and cross-sectional areas of the aircraft are shown in 
Drawing M260-RTA-1, Sheets 1, 2, and 3. 

4.1.2 AIRFRAME 

Fuselage - The T-39 center fuselage was modified to accommodate the 
installation of three YJ97 gas generators, the gas distribution system, two 
LCF459 lift/cruise fans, two bladder fuel tanks and to adapt to the F-101 aft 
fuselage . 

The F-101 aft fuselage was modified to accommodate the Cop mounted gas 
generator and to mate with the T-39 center fuselage. The stainless steel and 
titanium fairings and shingles were replaced with aluminum fairings to reduce 
Che weight. 

The forward fuselage is a new all metal construction. It was designed to 
accommodate the A-6 cockpit, the LCF459 lift fan assembly, the ETaC system, and 
the A-4 nose landing gear. It was also designed to mate with the T-39 center 
fusel ona 

Empennage - The F-101 vertical tail was modified to incorporate a fuel 
vent tank. The horizontal tail was modified by adding a small glove to each 
outboard tip for increased area. This area was increased to meet the 5 percent 
static margin requirements of the aircraft. The overall span of the horizontal 
tail was increased by 35 inches. 

Wing - Drawings of the T-39 were not available; however, weight allocations 
were made for the required modifications. These modifications consisted of 
(1) "beef-up" to meet the 2.5 g load factor requirement, (2) mounting of the 
A-4 main gear and required fairings, (3) removal of the inboard section of the 
flaps and conversion of the remaining outboard section to a hinged flap, and 
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FIGURE 4-1 
TURBCTIP RTA 
MODEL 260-RTA-l 


T-39 WING AND CENTER FUSELAGE 
A-S COCKPIT AND EJECTION SEATS 
F'lOlB EMPENNAGE 
A-4 LANDING GEAR 


O' 
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FIGURE 4-2 

DIMENSIONAL AND DESIGN DATA 
TURBOTIP RTA 


STOGW 

Clb) 

27,400 


(N) 

121,875 

VTOGW 

(lb) 

25,286 


(N) 

112,472 

OWE 

(lb) 

19,451 


(N) 

86,518 

Overal Length 

(ft) 

51.9 


(m) 

15.82 

Wing Span 

(ft) 

44.43 


(m) 

13,54 

Height 

(ft) 

17.17 


(in) 

5.23 

Crew 

Provisic.-' ■■ 

(No.) 

2 

Max. Int' ' ■ i. 

>'lb) 

5,750 

Fuel 

(N) 

25,576 



Wing 

Horizontal Tail 

Vertical Tail 

S (ft^) 

342.05 

82.02 

84.88 

(m2) 

31.78 

7.62 

7.89 

AR 

5.77 

3.959 

.663 

\ 

.323 

.3703 

.509 

b (ft) 

44.43 

18.02 

7.5 

(m) 

13.54 

5.49 

2.29 

^c/4 

28.56 

31.25 

46 

t/c (% Root/Tip) 

11.3/9.36 

7.0/ - 

7. 0/7.0 

Airfoil (root) 

64A series (MOD) 

NACA 65A007 (MOD) 

NACA 65A007 

Airfoil (tip) 

64A series (MOD) 

Modified 

NACA 65A007 
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(4) fixing the leading edge slats to a nonfunctional configuration. Fairings 
were added to provide a smooth, aerodynamic interface with the lift/cruise fan 
nacelles, gas generators, and A-4 landing gear. Since the fuel tanks are fuse- 
lage mounted, there was no requirement for modification of the integral wing 
fuel tanks, thereby reducing cost. 

4. .3 COCKPIT - A study was conducted to determine if the T-39 cockpit should 
be modified to accept ejection seats or if an A-6 cockpit should be used. Con- 
sideration was given to vision, access/egress, arrangement and effects on the 
aircraft configuration. 

It was determined that modification of the T-39 cockpit for access, egress, 
and ejection seats would require extensive development and testing. A comparison 
of the modifications required for each concept is presented in the following: 

COMPARISON OF PJSQUIRED COCKPIT MODIFICAT " 



A-6 

T jd 

Access 

Existing 

Lengthen ilr craft 
(Using Existing Door) 
or New Development 

Egress 

Exis ting 

New Development 

Ejection Seats 

Existing 

New Development 

Testing 

None 

Extensive (— •$2M) 

Consoles 

Existing 

New 

Instruments 

New 

New 

Stick/Rudder Pedals 

Mod/Existing 

New/Existing 

Visibility 

Satisfactory 

New Side Panel 


Based on this analysis, the use of the A-6 cockpit was selected as being the 
most cost effective approach even though it is approximately 252 lb heavier. 

The A-6 canopy, canopy actuation system, jettison system, oxygen system, and 
Martin-Baker seats are also used. 

The A-6 cockpit modifications consisted of (1) raising the copilot's seat 
approximately 4 inches, (2) adding control elements and instruments for both 
crewmen (the consoles are used as is) , and (3) modification of the upper portion 
of the stick to incorporate new switches. The resulting cockpit arrangement 
is shown in Figure 4-3. The cockpit is not pressurized for the RTA. The 
visibility for both the pilot and copilot is better than that available on the 
Harrier. A visibility diagram is shown in Figure 4-4, 
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FIGURE 4-3 
M260-RTA 

COCKPIT ARRANGEMENT 



1. r'fJWt H rxrjTPHl. LCVFHS 

2 . "HRiJiT VECTOR A^JfiLE 
INDICATORS 

S HLCT’S NAVIOATlOfJAL irjSTRN- 

memts'Tlioht d:kectops and 

Ai R SPEED, PRESSURE ALT I TUDE, 
-T.RTICAL ST'TED AND RADAR 
ALTITUDE INDICATORS 
4- ErjGINE AMD RAM INSTRUMENTS 
S CC-PDOT'3 NAViGATIONAi-, INCTRU- 
MENTS 

i.. LT.r^DlNS GEAR COMTROL 
7. rlap control 


MDC A4! 

VOLUMi: 



s.di\rt£a3=iBt/ i 


FIGURE 4-4 

PILOT'S EXTERNAL VISIBILITY 


9 PILOT 
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4,1.4 LANDING GEAR/ BRAKES 

Analysib - Prior to selection of the A-4 landing gear and brake system, 
an analysis was conducted to assess their compatibility with the aircraft. The 
gear and brakes were evaluated for the loading conditions shown below. 

A-4 LANDING GEAR/ BRAKE EVALUATION 

Landing Loads 

o Two Point Level ’ 

o Three Point Level 

o Tail Down Spin Up, Spring Back and 

o One Wheel Nose Down Maximum Strut Reaction 

o One 1-Jlieel Tail Down 
o Side Drift , 

o Side Load 

Taxiing Loads 

o Braked Roll - Two Point 
o Unsyiranetrical Braking 
o Turning 

Handling Loads 
o Towing 
o Jacking 

Thirty-two sections in the main gear and ten sections in the nose gear, Figure 
4-5, wex’e analyaed for this loading. It was determined for the main gear that 
thirty sections had positive margins at 12 fps sink rate for all conditions. 

One seccion was found that had a positive margin at 12 fps for all conditions 
except for the two point level landing spin-up. This section had a positive 
margin at 11 fps. This section could be retested for this loading condition; 
however, normal landing for the RTA will probably always be less than at 12 fpa 
sink rate and would not -justify the cost of retesting. 

The nose gear was found to have seven sections which had positive margins 
at 12 fps for all conditions. The trunnion bolt was found to require a change 
for positive margin during unsymmetrical braking. This minor change would 
consist of a slightly larger bolt with higher heat treat. 

The wheels and brakes were found to provide adequate braking for STO 
landing, STO RTO, and. taxiing. Adequate braking for CTOL operation is also 
provided when an increased stopping distance is used. Based on this a.'ialysis, 
the A-4 gear and brakes were selected for use on the kTA. 


/MTCOOWfUEt.1. COIVIPANV 

66 



MDC M’j'il 
VOLUMi; I 


FIGURE 4-5 

STRUCTURAL SECTIONS EVALUATED 


MAIN GEAR 



© AXLE - 4 SECTIONS 
@ PISTON - 3 SECTIONS 
© JACKET - 8 SECTIONS 
@ ROTATING ARM - Z SECTIONS 
© ROTATING LINK - 5 SECTIONS 
© ROTATING SWIVEL - 3 SECTIONS 
@ DRAG BRACE - S SECTIONS 
@ DRAG LINK SVv IVEL PlN- 1 SECTION 
© WHEEL 

32 sections evaluated 



© FORK - Z SECTIONS 
0 SPINDLE - 4 SECTIONS 
© BARREL - I SECTION 
© TRUNNION BOLT - 2 SECTIONS 

© WHEEL 

10 SECTIONS EVALUATED 


Main Landing Gear - The A-^ main landing gear assembly is attached to the 
lower surface of the wing as shown in Figure 4-6. A fairing and appropriate 
doors are also installed on the wing lower surface to provide a well for 
enclosing Che gear in the retracted position. 

The main gear retracts forward, and during retraction, Che shock strut 
rotates 90 degrees so that Che v;heel is stowed horizontally in the main gear 
well. Normal operation of the gear and doors is hydraulic, using power supplied 
by the aircraft hydraulic system. Should a hydraulic system failure occur, the 
gear can be lowered by pulling the Emergency Landing Gear handle in the cockpit 
to actuate cables which unlatch the doors and permit the landing gear to free- 
fall with the aid of the airstream. 

The main gear is equipped with a hydraulically operated double disc brake, 
a forged aluminum wheel, and a 24 x 5.5 - 16 PR tube type tire. 
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FIGURE 4-6 

MLG ATTACHMENT TO WING 



Nose Landina Gear - The A-4 nose landing gear assembly is attached to the 
fuselage as shovm in Figure 4-7, 

The nose gear retracts forward into the nose gear well in the forward 
fuselage. As the gear retracts, a telescoping mechanism compresses the shock 
strut sufficiently to fit the gear into the nose gear well. Power supplied by 
the aircraft hydraulic system is used for normal operation of the gear and 
doors. Emergency extension of the gear is accomplished by pulling the Emergency 
Landing Gear handle to unlatch the doors and permit the nose gear to free-fall 
with the aid of the airstream. 

The nose gear is equipped with a forged aluminum wheel and an 18 x 5.5 - 
14 PR tubeless tire. 

The nose gear is also equipped with a nosewheel steering system that is 
actuated by movement of the rudder pedals. The actuator, which operates from 
the landing gear down hydraulic pressure, has the capability of turning the 
nosewheel 45 degrees either side of center. 
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FIGURE 4-7 
NLG ATTACHMENT 



Brake System - The main landing gear brake system is an independent 
hydraulic system operated from the cockpit. The principal components of Che 
system are as follows: 

A-4 brake reservoir 

A-4 brake master cylinders 

A-4 main gear brakes 

The hydraulic fluid in the brake system is supplied by the brake reservoir 
and is pressurized by Che master cylinders for application Co Che brakes. The 
master cylinders are controlled by toe pressure on the rudder pedals. The 
pilot's and copilot's brake pedals are mechanically connected so that the 
operation of either left pedal will operate the left brake master cylinder 
and Che operation of either right hand pedal will operate che right brake 
master cylinder. The location of Che brake system is illustrated in Figure 
4-8. 
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FIGURE 4-8 
M260-RTA 

LANDING GEAR BRAKE SYSTEM 



4.1.5 HYDRAULIC SYSTEM - Two independent, 3000 psi hydraulic systems which 
incorporate Reservoir Level Sensing (RLS) are provided. The RLS separates 
each system into two independent circuits, thereby providing four circuits 
which is the same approach as used in the P-18. This redundancy feature is 
Incorporated to provide adequate safety for the triplex fly-by-wire control 
system. Switching valves are used at each flight critical actuator 'o assure 
hydraulic power system redundancy for fail-safe operation. 

The 90 hp pumps are driven by gearboxes mounted on the aft side of the 
lift/cruise fans. The existing YJ97 engine did not have adequate power 
extraction capability to mount the pumps on the engine. The selected mounting 
p-ovides for normal hydraulic power after loss of one or two engines and some 
power after loss of all engines since the fans will function as ram air tur- 
bines. Standard tubing materials and MIL-H-5606 fluid are used to assure a 
low cost, low risk system. 
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Dual tandem actuators with "rip-stop" construction are used to power all 
the fligiit critical items; i.e,, stabllator, ailerons, rudder, LTaC valves, 

TRM doors, and lift fan louvers and yaw doors. Hydraulic motors are used to 
power the lifc/cruise fan vector hoods and yaw doors through appropriate 
gearboxes. The mechanical Interconnect between the thrust vector hoods pro- 
vides for symmetry during operation. Triplex eiectrohydrau] ic Sigr. 'onver- 
sion Mechanisms (SCM) are used to convert the electronic signals from .e AFCS 
to mechanical outputs which are then used as inputs to the flight control 
actuator mechanical servo. The schematic of the hydraulic system Is shown in 
Figure 4-9. The locations of the major power generation components and primary 
flight control components are shown in Figures 4-10 and 4-11 respectively. 

4.1.6 FLIGHT CONTROLS - Pitch, roll, and yaw are accomplished by conventional 
control surfaces during aerodynamic flight, and by fan thrust modulation and 
vectoring during powered lift flight. Fan thrust is modulated by ETaC valves 
in the gas distribution system to each fan and by Thrust Reduction Modulation 
(TRM) at each fan. These functions are powered by dual hydraulic power 
cylinders and are controlled by a triplex control-by-wire system. The ETaC, 

TRM, and control-by-wire systems are discussed in Sections 3.1 and 5.4. The 
electronic signals from the control-by-wiiw: system are converted to mechanical 
inputs to each power actuator by triplex Signal Conversion Mechanisms (SCM), 

The lift/cruise fan yaw louvers are powered by rotary mechanical actuators 
driven by hydraulic motors through a system of gearboxes and torque shafts. 

The power management control system conai.sts of mechanical throttle systems 
to modulate the gas generator fuel controls, and a mechanical control system 
for thrust vecLoring and flight mode conversion. The thrust of the three gas 
generators is controlled collectively by a master power lever and a set of 
individual engine throttle i «vers is pro\-i-'d for engine trimming. The 
transition controls are positioned by an electrical actuation device through 
a tliumb switch on the master power lever. The actuation device can be over- 
ridden manually in the event of an error signal. The lift far thrust vector 
system is powered by hydraulic actuators, and the llft/cruise fan vectoring 
hoods are powered by r 'tary mechanical actuators driven by hydraulic motors 
through a system of gearboxes and torque shafts. 

The A-6 cockpit pilot's controls were modified for cQmpatibiJ.ity to a 
fl; -by-wire control system and a duplicate set of cont’o'-.s was added for the 
copilot. A transition l^ver and master power lever are provided for both 
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FIGURE 4-9 
MODEL 260-RTA-l 
HYDRAULIC bYSTEM 
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FIGURE 4-10 
MODEL 260-RTA-1 

MAJOR HYDRAULIC POWER GENEFJ\TI0N AND UTILITY COMPONENTS 
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FIGURE 4-n 
MODEL 260-RTA-1 

MAJOR HYDRAULIC CONTROL COMPONENTS 
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pilot and copilot, and individual throttles ior engine trimming are provided 
on the center console. The pilot and copilot controls are mechanically 
interconnected . 

The mechanical controls and actuation systems are shown in Figure 4-12. 
4.1.7 ELECTRICAL SYSTEM - Each of the dual electric power systems includes a 
CSD driven 15 KVA AC generator which provides 1L5/200 volt, 400 Hz, three pliase 
power. A backup battery is provided for essential power in case both generators 
are inoperative. Since the aircraft electrical i.oads exceed a single generator 
capacity, monitored buses are provided so that selected loads can be removed 
during single generator operation. The system schematic is shown in 'figure 
4-13 and the loads in Figure 4-14. 

The generators are each mounted on a constant speed drive (CSD). The 
CSD's are then mounted on and drivei by the fan gearboxes. Both the generator 
and CSD rely on oil cooling and integral oil coolers are provided in each 
gearbox. Suitable generators and CSD's are available as off-the-shelf equipment 

FIGURE 4-12 
MODEL 260-RTA-l 

MECHANICAL CONTROL AND ACTUATION SYSTEM 


0 PILOT RUDDER PeD^Li 

@ P\LOT lever (£ 

0 p\LOT lever. 

0 PILOT CONTROL STICK . 

COPROT R'JDOER. PEDALS 
COP\LOT Tt?AHS\TlON LEVER 
COPILOT MASTER ^ 

POV/ER LEVER 

g CDPUJOr COmEOL STICK \ 

iKDWiDUAL EUG\WE. 

THP.OTTLEi 
® WOOD MECWAH'iAL 

ROTAET ACTUATCfl.5 
(Tj) WQOV V/W COUTKQL 
GEA.K BO?< 

(12) Hood •’ .TOST VECTOR 
GE ^VC BCi>< 

(g) HAW DOOES MECV\KH\Cf\U 
ROTATV ACTOATO^^S 
(14) LUHVCAGR 

© S/^;WAL CONVERSO.V tTfCHA/V/SM (^ER) 

NOTE- n 2 &o~RTA -2 above 

EXCEFT EEAM THROTTLE CONTROL.. 




COMPAtVV 

75 



MDC A4551 
VOLUME 1 


FIGURE 4-13 
MODEL 260 RTA 
ELECTRICAL SYSTEM 
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FIGURE 4-14 

RTA PRELIMINARY ELECTRIC POWER REQUIREMENTS 
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and require only minor modifications to the CSD because of the wide speed 
range (approximately 3.4:1) of the fan. 

The primary electric power system includes a generator control unit GCU) 
for each generator. The GCU's will include provisions for voltage regulation 
and standard protection provisions (over/under voltage, over/under frequency). 

The GCU's, in conjunction with aircraft mounted current transformers, also 
provide feeder fault protection. 

Secondary 28 volt DC electric power is supplied by two 100 amp transformer- 
rectifiers (TR's) energized by the aircraft primary AC buses. The TR outputs 
will be connected in a parallel bus arrangement. TR capacity is such that, in 
the event of a TR failure, the operative TR can provide total aircraft DC 
requirements, A monitored DC bus is provided which is automatically deenergized 
during single generator operation to minimize generator loading. The TR's are 
fan-cooled units and are readily available off-the-shelf. 

Emergency electric power is supplied by a 24 volt nickel cadmium battery. 
Only es*" ntial loads will be energized during emergency operation. Ic is 
presently estimated that an 11 amp hour battery capacity will provide adequate 
emergency capability. No battery charger will be provided in the aircraft. A 
freshly conditioned battery will be provided for each flight. Suitable batteries 
should be readily available from government inventories. The location of the 
major electrical components is shown in Figure 4-15. 

4.1.8 AVIONICS AND TEST EQUIPMENT - Minimum avionics to accomplish the com- 
munication, navigation, display, and control functions commensurate with the 
requirements of the flight test demonstration program are installed. The flight 
controls avionics contains sensors and electronics to properly shape, schedule, 
amplify, and monitor the input signals supplied for use in driving the appro- 
priate control functions. The flight controls electronics utilize multiple 
redundancy channel techniques in conjunction with redundant signal conversion 
mechanisms to provide fail operational flight control. Figure 4-16 shows the 
location of the major avionics components and the weight/space. .cquiremenUs 

aie shown in Figure 4-17. Approximately 54 cu ft of space. Figure 4-18, is 
provided in the fuselage for the 2500 lb of NASA supplied test equipment. 

4.1.9 FUEL SYSTEM - As discussed in Report MDC A34a0, Volume II, the use of 
fuel in the T-39 wing results in an excessive roll momenc of inertia. Therefore, 
to limit the fuel to the inboard section, a major wing modification was required 
to seal the rib at Wing Rib 106. The T-39 integral wing tank was not used due 
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FIGURE 4-16 
M260-RTA-1 

MAJOR AVIONIC COMPONENTS 
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FIGURE 4-17 

RTA AVIONICS EQUIPMENT 
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to the cost associated with these required modifications. The fuel is contained 
in two fuselage mounted bladder tanks. The lower tank is used as the feed tank 
and has a capacity of 2^00 lb. The upper Lank functions as a trancfer tank and 
has a capacity of 3350 lb. A schematic of the fuel system and the equipment 
locations in the aircraft are shown in Figures i!i-19 and i!i-20 respectively. 
Fuselage volume is available if additional tankage is required. 

Engine feed is provided by two electrically powered boost pumps located in 
the feed tank and sized so that either pump can supply fuel to all three engines 
in the event of a pump failure. Bypass features are provided to allow engine 
feed even with both pumps failed. Suitable pumps can be found in current 
service inventories. Fuel transfer to the feed tank is accomp 'ished by gravity 
flow, utilizing a minimum of components. 

The aircraft is refueled by filling the upper transfer tank and gravity 
filling of the ocher tank. A single level control valve suffices for this 
system. The fuel can be removed from the aircraft by suction defueling using 
the same connect point as is used for single point pressure fueling. 

Climb and dive vents are provided through a vent box located in the 
vertical tail. The vent system consists of fixed tubing, simple check valves, 
and a fixed geometry scarfed tube vent mast for pressurization. Inflight fuel 
jettison, aerial refueling, and negative 'g‘ capabilities are not incorporated 
in the design. 

A. 1.10 ECS - A minimal ECS was identified for the RTA to be consistent with 
the low cost philosophy. A review of the equipment and cockpit heat loads 
indicated that the cooling requirements could be met with a simple ram air 
system. Fans are also installed to provide ambient airflow for cooling during 
ground and low speed operations. Cooling for the electronic Lest equipment 
is integral with the package. Electric heaters are also provided for cockpit 
heating. 

4.1,11 FAN/ENGINE MOUNTING AND REMOVAL 

Fan/Engine Mount System - The fan/engine combination as shown in Figure 
4-21 is a thrust balanced system, whereby the engine mount system does not 
support any thrust loads. 

The forward engine mounts, Figure 4-22, are designed to take vertical and 
inboard/outboard loads and also double as engine removal pivot points. The aft 
horizontal mounts are designed to take vertical loads only. The aft, lower 
center mount is designed to take Inboard/outboard loads only. All mounts are 
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FIGURE 4-19 
M260-RTA-1 

FUEL SYSTEM SCHEMATIC 
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M260-RT4-1 
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desigaed to allow for thermal expansion. There are two in-line angulation 
bellows aft of the engine exhaust flange to allow for air duct deflections 
and to isolate these loads from the engine case. 

The fan section has a three point equlspaced mount system. The upper 
inboard mount is designed as the main anchor supporting inboard /outboard loads, 
vertical loads, forward/aft loads and is used for ground handling. The lower 
inboard mount is designed to support inboard/outboard loads and forward/aft 
loads. The outboard mount is designed to support forward/aft loads and to 
double as the fan removal pivot point. 

Outboard Engine Removal - The removal of the outboard engine is illustrated 
in Figure 4-23, and the removal sequence would be as follows: 

(a) Remove air turbine starter (ATS) inlet duct and forward nacelle Intake. 
Remove rear mount access doors and rear duct clamp access door. 

(b) install engine removal rails. 

(c) Disconnect rear duct clamp. 

(d) Disconnect engine mounts. 

(e) Remove engine forward along the removal rail. 

Center Engine Removal - Three basic removal methods were studied for the 
center engine. 

(a) Removal of engine and diverter valve duct assembly. 

(b) Removal of engine and angled rear duct. 

(c) Controlled removal of engine and angled reaL duct. 

Methods (a) and (b) were eliminated for the following reasons: Method 

(a) - This approach required removal of large sections of cowl, associated 
structures, plus divert r valve actuation. The engines and duct section must 
be intricately maneuvered up and aft with the corresponding high risk of damage. 
Method (b) - This approach required removal of the ATS and inlet duct. The 
engine must be intricately maneuvered to clear mount structure and engine inlet 
cone, with corresponding high risk of damage. 

Method (c) provided for a completely controlled removal sequence with no 
intricate engine maneuvering and low risk of damage. The removal is illustrated 
in Figure 4-24 and requires the following sequence: 

(a) Remove required portions of cowl, inlet, and ATS Inlet duct. 

(b) Disconnect aft angled duct clamp. 

(c) Attach hoist to existing ground handling lugs adjacent '‘o rear engine 
mounts. 
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FIGURE 4-23 
M260-RTA-1 

OUTBOARD ENGINE REMOVAL 



FIGURE 4-24 
M260-RTA-1 

CENTER ENGINE REMOVAL 
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(d) Disconnect rear engine mounts and holjt engine using foward engine 
mounts as hoist pivot points. 

(e) Disengage front mount pins and remove engine assembly vertically 
and over the wing. 

Fan Mounted Accessory Installation - The accessory arrangement shown in 
Figure 4-25 was coordinated with GE to interface with the existing fan gearbox 
arrangement. The length of the CSD/generator package required a modified aft 
fan fairing to provide adequate clearance. The service lines, l.e., hydraulic 
and electrical, are routed through a service strut. The strut position pro- 
vides a neutral installation and the lines are routed along the wing rear spar 
to the aircraft fuselage. The aft fan fairing and service strut are easily 
removable for maintenance. 

A±r Turbine Starter (ATS) Installation - The ATS is mounted on the forward 
face of the existing engine gearbox. The ATS inlet is located directly below 
the engine in the forward nacelle on the outboard engines and on the left side 
of the forward nacelle on the center engine. An alternate location for the 
center engine ATS inlet would be on the left side, lower fuselage. The ATS 
exhausts directly into the engine compartment. 

Lift Fan Removal - A controlled removal technique is used for the forward 
fan assembly to minimize the risk of damage . The forward existing mount point 
substitutes as the ground handling pivot point. The remaining two existing 
mount points provide for ground handling attachment. The removal sequence is 
as follows : 

(a) Remove cowl inlet duct to provide access and removal clearance. 

(b) Disconnect gimbal, valve actuator, and service lines. 

(c) Connect ground hoist to two aft mount ground handling lugs. 

(d) Disengage fan assembly from two aft mounts. 

(e) Lift fan assembly using remaining forward mount as pivot. 

(f) Disengage forward mount pin and remove fan assembly vertically. 

The fan removal is illustrated in Figure 4-26. ‘ 

Lift /Cruise Fan Removal - Controlled removal technique is also used for 
the lift/cruise fan assembly, The outboard existing mount point also serves 
as the pivot point during fan removal. The remaining two existing mount points 
provide for ground handling attachment. The removal sequence is as follows: 

(a) Remove forward nacelle and associated structures to gain necessary 
access and removal clearances. 
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FIGURE 4-26 
M260-RTA-1 
FORWARD FAN REMOVAL 




*&■ 

l| 

£^s 




« EXlSTlMe MOuMT POINT AND HO»ST 
FUl-CRUM . 

-^EXISTING MOUNT POINT AND HOIST 
POINT 

DISCONNECT DUCT t SlMBAL 
FOR ENGINIE removal 


>U)C A4551 
VOLUMU I 

















Cxrr 











LEM•T^^ - sx. 9 xr 

—4J4irr 

^£70^7- - /?./? Fr 



Pnvt>\CAw CnAE^CTaCia.TtC.^ 


T3-* 'PVlib 

yjIKlC- V-TAlVy 




r :('ns 

UTAH. 




*b- 


OA.ab 

7S.»I TEtr" 

atoj TToc 


S.Tl 

a.4.A% 

3.>ot 

1S?9 

^ 


• Cob 

,.<11»A 

•S705 


AA.A;> 

1.^0 


<1 i‘t <4. 


■2.(.C^jS<o 

— 

gc.itfrKuO 

<f9a 

Cfc <l•'^ 

lM.aA. 

l&o.o 

ia,s 

7«.S- 

CtOJ> 

AA-ai 

81. A 

8A.O 

43o7 

Mftt O-ii 

too. A 

WAfc 

fe.86 

it.FJ 

Mt O-i'^ 

tlo.2>9 

4o.l£ 

A\ztn 

A4.43 

Xu; 

5£.^S* 

53*e;^io«zc 

3i’ofi»Rc 

jf'.; janXc 

X*A 

Zo.SC.* 

AU"- 

■SViii* 

jitiT* 


t 

7.0X 

7.o>i 

7oX ■ 

tlOf 

9.5cr. 

i-or. 


— 

ci\(tan) 

o* 





-I’SA' 




‘331 HEPOAt. 



!•' 


kiajAnv. faocrt'J 


NSeAHAooT 

N^AUfAoQ-i MaO 




MACAAfAoirt 

N*cn &9AC04 A^ca 



MBCTKALTAil. M!*«vr-A«rt %A.TM> •■ .«i 


UjRjmt.o Ci.g.i^A 

X£-^e£T Z 


Is«s-?^^yAPcA 

SiEE-3«etT 5 


R>ct- 

Z^a 



FgayuL3r40K) 

£VtSvH/4?7 C^s fi-TA€^WJ 

«AVJ- -O) i<«fP 

4't /^fvters 

Am “M-S-Fr- 

Mh*>^MArrz 

Ast, * 4*9 ^T* 

• *P4 


i2:r<^tA.o-oaC. 
gOt>ei-Aif-H. ■0«.ve.VJa»«L^ 

A.AVo-J-t' fp**^ 

cri MCrt** A.WU. t»^ 

CbCAVPir ^> „ > J ,6, g >s*CA*T- CS« 

4,*) T'ur^^'-^nPI ^MvAJX>t^ar4T Oa^O,OM< 

*>'T'-'V% gg J »«bA <0CfwA«wM*>^i-O<*A«<T^ 

s.e»<.<vm,o iWT 

1^ 'fitovlb ^r*«nrr 

??a- |W*L. V^.t.. 

S^0T»-"&"4 * 


PDLDODT jrflAMBr 




9o 



MOtKkWATVLC. Mt^crmrr CU-^VPVMV* I 

• 4«a^l. Mt44«»«A«4 I 

^•COC^JWCt. iXU»q<>0» <J-Omp-OMMTtO *A \ 

RB.'bCA(iWi”T^«*iOU3C,y 
|Ki«jlAc-T '•Ec.t3ut.ta Cjemt 
teruoT' ..Cb^^‘‘^A^* 


'Uul «r 


iWlCO ZTA~t iS' 

~ Ultwiir i '* a" 


N. 


UUE<J1NAL PAGE IS 
OF POtJll QUALITY 


! Ij' 111 

l!!|\ll i!|| i!l!^!’ !P;lijiM;ii!!i!!:^^ ii!j,j 

jii t !;;; -:r lit. t:;, »:i; fn t t ;iriil':l t I ; t- i t[i !i p! i. ’ 1 i 

III; Hi rr;i ;t ; l| niliiitt Itiuitp ft t U;t :: i itl Hi l|l 

liiT ;pt :: :: tt:t Hp :t I ?t PPIlpf 'tip ' i irU< Jp* H,t tilr nti 

i! ! ! ii i![: ! l! ! i^ili 1 ' j j 1 il 

ii|| III! lii! : ii:i !!ll!i!i I ! liii i ! Hi ll 

iiH'iv;: lii; ;i;l H!; i|;H ilj irl illn!;!! 


lilHillilli 


! i i| 


t I ^ 1 I + t- M + • < r f ♦ 

Ifi n][iiH it!’ 

I I - J- ■ ♦ 3 I M t • ' ^ 

'I*' f' + ' Ml 

[li ipr 
JIT lit; ;ut ipt 

; i';;; !::t . 


ill* fiiniiii ' 

1 Ao 'Mi :{il 

Ifn itif ! i'H i 

l! in! iHi iii; : 


C w 


C, 4-0 



site 

• ]«lr4 «**Ml<*> I«>|i 


HHili ! 1 Iliiiiti 

-i-.t. 1 I^ IHt ff t M k t' + f 

T It i I 1 1 I tt;; tpj 

t . - i I . . I *< »i Ilf ifii ♦ T trl"* 

Wi Itli f * tfl* ’’ !' 

!;} Hi j tj ; in tin: 

HilliHi (I ! u{ i jj ;i!! ijij' 

lilt iii! It I II 


ijiljl 'ji ip 

tliij' |i iiii 

■Tin tj-riiti 

»Hi H j HH 

Uji ij ; ;:i| 
{ ■ ! 1 1 M I i ' • j 


ilitiJifirnl 


ntniPtn- t;;. [JM jtaiU ytt JU : { 

i! i j|i! Hi! H|! 
hihh; "i h!! ih! iffi !hI 


! j 1 1 j 

Hi; H;I ;||1 
i;j: HI; 

nn HH HH r!ir 

p;; i;:i tT 1 
tin ;::t tt pi: 

it i III; 

:HH Ht; mt ii:: 

:i:| ;|H |p|i: 

■ •f ♦■f I lil-r 1 


H|j Hi: is 

iiiluii i! 

• ‘ ♦ r I r 

l||ll 

I i ! 1 tin tt 


V\r nnTTm m'n 























SOO 

'■'i 


5 


■^)T,r'OTJT “ 



M)C A^t551 
VOLUMi: I 


(b) Remove lower strut fairing and disconnect service li.nes. 

(c) Disconnect feeder duct upstream of ETaC valve. Disconnect valve 
actuator. 

(d) Attach ground handling hoist to upper inboard mount point. 

(e) Disconnect upper and lower inboard mounts. 

(f) Lift fan assembly about pivot p ,>lnt until fan ac :;embly weight is 
supported by the hoist. 

(g) Disengage pivot pin and remove fan assembly forward. 

The lift/cruise fan assembly removal is illustrated in Figure A-27. 

FIGURE 4-27 
M260-RTA-1 
FAN REMOVAL 



4.2 MECHANICAL RTA 

4.2.1 GEHEB4 L ARRANGEMENT ~ The mechanical RTA airframe is virtually identical 
to the turbotip RTA and reflects a maximum utilization of GFE components as 
illustrated in Figure 4-28. The primary difference between the two aircraft 
Is that the T-39 aft fuselage and tail are modified rather than using the F-101 
empennage. This change was made to reduce weight. The propulsion system con- 
sists of three XT701 engines powering three mechanically interconnected 62-inch 
diameter variable pitch fans (see Volume II). The principal weights and 
geometric characteristics are shown in Figure 4-29. The general arrangement. 
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FIGURE 4-29 

DIMENSIONAL AND DESIGN DATA 
MECHANICAL RTA 


STOGW 

(lb) 

27,913 


(N) 

124,157 

VTOGW 

(lb) 

25,670 


(N) 

114,180 

OWE 

(lb) 

20,260 


(N) 

90,116 

Overall Length 

(ft) 

52,09 


(m) 

15,88 

Wing Span 

(ft) 

44.43 


(m> 

13.54 

Height 

(ft) 

16.6 


(m) 

5.06 

Crew 

Provisions 

(Ho.) 

2 

Max. Internal 

(lb) 

5,400 

Fuel 

(M) 

24,019 



Wing 

Horitontal Toil 

Vertical Tail 

s 

(ft^) 

342 

90.97 

77.0 


(«2) 

31.77 

8,45 

7,15 

AR 


5.77 

4.095 

.914 

1 


.323 

.400 

.454 

b 

(ft) 

44.43 

19.3 

8.417 


(b) 

13.54 

5.8 

2.57 

Ac/4 


28.56 

23.0 

38.3 

t/c 

(X Root/Tlp) 

11.3/9/36 

10.0/8.0 

10.0/:’! .0 

Airfoil (Root) 

64A Series 

64A010 

63A010 

Airfoil (Tip) 

Modified 

64A008 

63A010 


wetted areas, and eroas sectional areas of the aircraft are shown in Drawing 
Model 260-RTA-2, Sheets 1, 2 and 3. 

4.2.2 AIRFRAME - The fuselage is essentially the same as the turbotip RTA 
with the exception that the T-39 center and aft fuselage are modified to 
accommodate the lower fuselage mounted engine and the mechanical transmission. 
The wing and cockpit are identical to that used for the turbotip RTA. The 
vertical tail is a modified T-39, Figure 4-30, and the horizontal tail is new 
construction vice the F-101 empennage used on the turbotip RTA. This change 
in the tail saved about 544 lb, thereby providing an adequate engine out T/W 
margin. 
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FIGURE 4-30 
M260-RTA-2 

EMPENNAGE/ AFT FUSELAGE 



4.2.3 PROPULSION SYSTEM - The propulsion system, illustrated in Figure 4-31, is 
composed of three Allison XT701 engines driving three Hamilton Standard variable 
pitch fans. The engines and fans are interconnected by a mechanical transmission 
system consisting of shafts, combiner gearbox and a lift fan clutch, Figure 3-30. 

The lift/cruise fan assemblies (two) are located above the wing and 
adjacent to the fuselage. The engine, mounted directly behind the fan, is 
integrated into the lift/cruise nacelle. Fan supercharged air is inducted into 
the engine and exhausted together with fan by-pass air through the thrust 
vectoring nozzle. Lift/cruise fan speed is reduced below free turbine speed 
by a planetary gear set. An overrunning clutch installed ahead of the engine 
between the engine and the planetary set permits overrunning in the event of 
an engine failure. The Allison XT701 engine is coupled with a Hamilton 
Standard variable pitch fan to form the compound turbofan/shaft engine unit 
identified as the Allison PD370-25A. The fan assembly includes a spiral bevel 
gear set to transmit power to the other two fans for control power or power 

transmission during an engine out condition. 
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FIGURE 4-31 
MODEL 260-RTA-l 
PROPULSION SYSTEM 




The lift/cruise fan gear arrangement, shown in Figure 4-32, was selected 
after discussions with DDA. The selected arrangement resulted in a 13 inch 
shorter assembly and a weight savings of 50 to 100 lb per engine. Another 
benefit of this arrangement is that if a reduction gear set fails, the affected 
fan would still be operable for both thrust and control. 

The Hamilton Standard variable pitch lift fan is located forward of the 
cockpit. The fan assembly includes a spiral bevel gear set to transmit power 
from the forward drive shaft. Power is transmitted from the combiner gearbox 
to the lift fan through a v?et disk clutch which provides for disengagement of 
the fan during ground operation, if desired, or in the cruise mode, 
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FIGURE 4-32 
M260-RTA-2 

LIFT/CRUISE FAN GEAR ARRANGEMENT SELECTION 



S ELECTED Arrangement: CoNn6URATioN"A'' 


The third (center) engine drives into the combiner gearbox through a 
spur gear set into the transmission system. The combiner box also accepts 
power from the two lift/cruise engines for distribution during control excur- 
sions and engine out operation. 

The thrust vectoring and yaw controls are the same as discussed for the 
turbo tip RTA. 

A design and development study for the mechanical transmission system 
was subcontracted to Detroit Diesel Allison (DDA) through MCAIR Work Statement 
WS-SDPS-860. Study ground rules and results of the DDA effort are presented 
in Volume II of this report. 

4.2.4 ACCESSORY INSTALLATION - A study was conducted of alternate ways to 
drive the hydraulic pumps and CSD/generators. One approach used a power takeoff 
from the combiner box to drive a separate gearbox for the two pumps and two 
CSD/generators. This approach resulted in additional development coats, a 
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waight increase, and a potential single point failure for all hydraulic and 
electrical power. Since DDA was in the process of redesigning the engine 
accessories, it was decided to mount the hydraulic pumps and CSD/generator 
directly on the engine. This selected approach was cost effective and provided 
a dual power source, 

The accessory configuration shown in Figure 4-33 was selected for the 
following reasons! 

o The CSD and generator was readily accessible commensurate with the 
higher maintenance requirements, 

o The oil pump was located near the bottom of the engine gearbox to 
provide optimum scavenging. 

o The ATS was located so that the inlet duct (which is flush with the 
engine shroud) is accessible from the lower vector doors. A starter 
cart hose extension would preclude the necessity of having the 
ground crew place their arms through the actuated i;ector doors. The 
ATS exhaust la directed into the shrouded engine compartment. 

o The main fuel pump and control are located adjacent to an existing 
stator thereby shortening fuel lines . 

0 The hydraulic pump was located above a drip shielded GSD/generator. 

All fuel and water lines were routed through an existing major stator which 
was separate from the electrical and hydraulic lines. The aircraft hydraulic 
and electrical lines were routed through another existing major stator and were 
in turn separated in this stator. The fan variable pitch hydraulics were 
located in the forward section of this same stator. These stators would also 
house the forward/lower engine support struts. Due to the neutral accessory 
installation, the service lines change routing in the airframe section but not 
in the engine compartment thereby resulting in minimum engine buildup require- 
ments. All interfaces were coordinated with DDA, 

4.2.5 SUBSYSTEMS - The design approach for the aircraft subsystems was identical 
to that used in the turbotip RTA. The component differences, which are pri- 
marily associated with the mechanical propulsion system, are described in the 
following. 

The hydraulic system differs in that thrust modulation is controlled by 
blade pitch actuators versus ETaC/TRM and the pumps are engine mounted. The 
hydraulic power generation and flight control component locations are shown 
in Figures 4-34 and 4-35, respectively. The landing gear and brake subsystems 
are identical, 
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FIGURE 4-33 
M260-RTA-1 


ENGINE MOUNTED ACCESSORY INSTALLATION 



MAJOR HYDRAULIC POWER GENERATION AND UTILITY COMPONENTS 
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FIGURE 4-36 
M260-RTA-2 
TEST EQUIPMENT BAYS 
VOLUME/ACCESS 


(7y\fOLUM£-fLGcu.Fr. (OPTmfw) 

IQ. Dm rMG. d£l&MT* IQ.O fV/DW * 51.0m L 

ACCESS- l/h f r/h panels 

(l)- volume- 51,0 CU. ATT F£R 5WE 

ZZ.E w WIDTH v Z8.5m AM&. HEIGHT'^ 

IDO M Leu&tH 
ACCESS - r/l SfJ)F HINGED ZZOOes 




4.2.6 TRAMSMISSION GEARBOX COOLING - The combiner gearbox/ clutch aesembly 
for the transmission system, discussed in Volume II of this report, has a 
significant heat rejection rate and requires cooling during all flight modes, 
Figure 4-37. This heat rejection consists of windage losses, gear losses, 
and clutch engagement heat dissipation. Since a large part of the aircraft 
operating life will be spent in the powered lift mode, it was decided to pro- 
vide cooling capacity for only the windage and gear losses (3100 BTU/min) 
and consider the clutch engagement heat to be a transient condition. 

Various heat dissipation methods, i.e. , water, water boiler, fuel/oil 
and air/oil, were analyzed. The weights of the water and water/ethyl alcohol 
heat sinks were found to be prohibitive. A water boiler augmented by a fuel/ 
oil heat exchanger provided a significant weight decrease; however, the com- 
plexity and development were determined to be excessive for an RTA. 

The fuel/oil heat exchanger is normally the light weight, low volume 
approach and was analyzed. It was found that a fuel flow rate of approximately 
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FIGURE 4-37 
MODEL 260-RTA-2 

COMBINER GEAR BOX HEAT REJECTION 



16,000 Ib/hr was required to cool the 3100 BTU/min heat load and still provide 
an acceptable fuel temperature (135°F) to the engine. This fuel flow rare is 
about twice that available during powered lift operations. Therefore, the 
fuel/oil heat exchanger approach was dismissed. 

It was found that the simplest and lightest weight system was an air/oil 
heat exchanger using an electric fan for air flow during low speed operation. 

The selected heat exchanger is compatible with the 3100 BTU/min cooling require- 
ments. The large thermal mass of the combiner gearbox and lube oil system will 
restrict the temperature to reasonable levels during the clutch engagement 
cycle, 

The cooling for the lift/cruise engine gearboxes and the lift fan gearbox 
is provided integral with the units. 

4.2.7 FM/ ENGINE MOUNTING AND REMOVAL 

Integrated Fan/Englne Mount System - The integrated fan/engine mount system, 
shown in Figure 4-38, is comprised of two forward truss sets and three rear 
struts. 
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FIGURE 4-38 
M260-RTA-2 
ENGINE MOUNTS 


\ 



The forward Cruas seta each consist of two struts inclined at 40“ to each 
other in the forward/aft plane. The upper inboard truss set is inclined at 
54® above the horizontal and the lower inboard truss set is inclined at 18° 
below the horizontal. These angles coincide with the major stator angles. 
Aerodynamic fairings are provided. 

The three rear struts are arranged as two parallel struts inclined at 
18° below the horizontal with the third strut as a diagonal brace. These 
struts are faired so as to provide minimum impact on airflow. An angular 
adapter ring is provided since the existing aft engine mount pad is inclined 
at 30° below the horizontal. 

The lower forward truss set is designed to carry the forward/aft loads, 
inboard/outboard loads and thrust loads into the fuselage. The upper forward 
truss set is designed to carry the vertical and yaw loads and the rear struts 
carry the vertical loads, inboard/outboard loads and torque. 

Fan Stator Arrangement - There are two types of stators used - major and 
minor. The stator arrangement consists of 10 stators; 4 major stators and 
6 minor as shown in Figure 4-39. The major stator chord length is approximately 
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FIGURE 4-39 
H260-RTA-2 
STATOR ARRANGEMENT 



42,0" with a maxinium aectlon depth of 2.6". The major atacor apace envelope 
la utilized as follows; 

Left Engine 

Upper inboard stator contains main fan/engine support struts. 

IiQwer inboard stator contains main fan/ engine support structs, cross 
drive shaft, hydraulic and electrical lines and fan 
variable pitch hydraulic lines. 

Lower outboard stator contains fuel and water lines. 

Upper outboard stator is unused. 

Right Engine 

Upper inboard stator contain? main fan/engine support struts. 

Lower inboard stator contains fuel and water lines, cross drive shaft 
and main fan/ engine support struts. 

Lower outboard stator contains hydraulic and electrical lines and fan 
variable pitch hydraulic lines. 

Upper outboard stator is unused. 

The 6 minor struts have a chord length of approximately 13.6" and maxitnum 
section depth of approximately 1.25". The minor stators are equispaced angularly 

at 36“ and contain no service lines. 
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Outboard EiiRlne Removal - Both the engine and fan assembly must be removed 
simultaneously since they are an integrated assembly. The integrated assembly 
approach was accepted for the RTA since it was cost effective and resulted in 
a weight saving of approximately 120 Ib/engine assembly. This approach was 
also consistent with the RTA philosophy of not paying a penalty for maintain" 
ability. 

The removal sequence is dictated by existing mount features, airframe 
mount support, accessibility and integrated fan/engine removal. Three removal 
concepts were studieJ: 

(a) Removal of integrated fan/ engine aft via vector doors 

(b) Removal of integrated fan/engine outboard and sideways over the wing 

(c) Controlled removal of integrated fan/engine up and over the wing 
Methods (a) and (b) were eliminated for the following reasons : 

Method (a) ; Fan/engine package must be carefully maneuvered in a very 
restricted area to clear mount support ring. Rear vector doors, actua- 
tion and support structure must be removed. Fan/engine package must be 
carefully maneuvered aft and down through a very restricted area with 
resultant high risk of damage. 

Method (b) ; Fan/engine package must be maneuvered forward and sideways 
to clear engine support ring. The turbine section must also clear the 
exhaust cowl structure. This would require careful maneuvering with 
corresponding high risk of damage. 

Method (c) was selected and provides for a completely controlled removal 
sequence with no intricate fan/engine package maneuvering. 

The removal sequence shown in Figure 4-40 is as follows : 

(a) Remove required portions of cowl, inlet, and stator fairings to gain 
necessary access. 

(b) Disconnect service lines and remove engine exhaust tail cone. 

(c) Attach ground handling support bracket to existing ground handling 
lugs. At.ach main ground handling support arm to structure and to 
above support bracket providing a pivct line parallel to engine 
centerline. 

(d) Attach ground hoist lines to existing forward and aft outboard engine 
mount pads . 

(e) Disconnect forward and rear engine support struts. 
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FIGURE 4-40 
MZ60-RTA-2 

OUTBOARD ENGINE REMOVAL 



® HOIST PULORUM, 


a HOIST POlWTS USIHG BXISTIMG. 
UNUSED IvlOUNT POlHTS, 

^ existing ground handl'NG points. 


(f) Swing engine up and outboard using pivot line provided, until the 
hoist points are vertical and support the fan/engine package. 

(g) Disengage pivot pins and remove fan/engine package outboard and 
over the wing. 

Center Engine Removal - The removal sequence is dictated by existing engine 
mounting features, mounting support to airframe and accessibility. Access to 
the engine is gained via "bomb bay" type access doors in the lower fuselage. 

The removal sequence would be as follows and is shown in Figure 4-41. 

(a) Disconnect drive shaft at aft face of combiner gearbox. 

(b) Remove section of duct aft of engine exhaust tail cone. 

(c) Disconiv rt service lines to engine. 

(d) Attach ground support cart to engine ground handling points provided 
on engine mount brackets. 
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FIGURE 4-41 
M260-RTA-2 

CENTER ENGINE REMOVAL 



(e) Disconnect engine mount brackets from airframe and translate engine 
aft sufficient to gain access to shaft coupling. 

(£) Disconnect shaft coupling at engine and lower engine from airframe. 

Forward Fan Removal - A controlled removal technique la used to remove the 
forward fan assembly. The existing fan assembly has a bolt hole mounting flange. 
Since the 60 holes are not necessary for mounting purposes a three position 
equispaced mount feature was used, Figure 4-42. Two of the mounts would pick 
up a series of existing holes in the fan assembly and then be secured to the 
airframe. The third mount would provide a pivot point and ground handling lug. 

The removal sequence would be as follows: 

(a) Remove cowl and associated structures to gain necessary access and 
removal clearances. 

(b) Disconnect drive shaft at fan assembly coupling. 

(c) Attach ground handling aids adjacent to two forward mount points. 

(d) Attach hoist to these two aids and disconnect fan assembly from 

two forward mounts. 
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FIGURE 4-42 
M260-RTA-2 
FORWARD FAN REMOVAL 




-f- HOIST POINT 4 FAN MOUNT 
^ HOIST FULCRUM 4 FAN MOUNT 

I2> DISCONNECT DRIVE SHAFT 
FOR engine removal 

(e) Hoist fan assembly to balanced horizontal position. 

(f) Attach further hoist to ground handling lug provided on rear pivot/ 
mount point. 

Cg) Disengage pivot pins and hoist fan vertically out of airframe. 

4.3 HEIGHTS 

The weight, balance, and inertia summaries for the turbo tip and mechanical 
configurations are presented in Figures 4-43, 4-44, and 4-45 respectively. 

Both aircraft are capable of a limit load factor of 2.5 g at a 25,000 lb BFDGW. 

The two configurations are derivatives of the T-39 Sabreliner with the 
following exceptions. Model 260-RTA-l (turbotlp) utilizes the aft fuselage 
and empennage of the F-101 with a pneumatically interconnected propulsion 
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FIGURE 4-43 

RTA AIRCRAFT GROUP WEIGHT STATEMENT 



Model 260-RTA-l 

Model 260-RTA- 

ITEM 

CTURBOTIP) 

(MECHANICAL) 

WING 

1900 

1900 

VERTICAL TAIL 

471 

210 

HORIZONTAL TAIL 

416 

270 

FUSELAGE 

3526 

3476 

NOSE LANDING GKAR 

220 

220 

MAIN LANDING GEAR 

670 

670 

ENGINE SECTION 

180 

404 

PROPULSION 

GAS GENERATORS 

2217 

3337 

WATER INJECTION SYS. 


125 

FUEL SYSTEM 

407 

407 

CONTROLS 

60 

60 

LIFT FAN/& L/C FANS (-2) 

855 

2267 

LIFT FAN LOUVERS 

200 

160 

LIFT/ CRUISE FANS 

1770 


L/C FAN DEFLECTORS 

1380 

1300 

FAN GEARBOXES 


1300 

TRANSMISSION - DUCTS & 

VALVES 1897 


GEARBOX 

& SHAFT 

546 

START 

100 

100 

FLIGHT CONTROLS 

835 

835 

INSTRUMENTS 

257 

257 

HYDRAULICS 

175 

175 

ELECTRICAL 

325 

325 

ELECTRONICS 

230 

230 

ARMAMENT 

FURNISHINGS 

568 

568 

AIR CONDITIONING 

150 

150 

ANTI- ICE 
AUXILIARY GEAR 

7 

7 

WEIGHT EMPTY 

18736 

19289 

CREW 

360 

360 

TRAPPED FUEL 

80 

80 

OIL 

135 

135 

Oz & MISC. 

140 

140 

H^O 


180 

OPERATING WEIGHT EMPTY 

19451 

20260 

PAYLOAD 

2500 

2500 

FUEL 

(MISSION DEPENDENT) 



TAKE-OFF GROSS WEIGHT 
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FIGURE 4-44 

BALANCE AND INERTIA DATA 



M260-RTA-1 
(Turbo tip) 

M260-RTA-2 

(Meohunlcnl) 

STOGW - lb 

26320 

26531 

Ik - (slug - ft^) 

19400 

23000 

ly - (slug - ft^) 

52400 

54000 

Iz - (slug - ft^) 

67500 

68500 

F.S, 

253.9 

252,5 

W.L. 

2.0 

-1. 5 

OWE + Payload - lb 

21951 

22760 

Ix - (slug - ft2) 

14500 

17250 

ly ' (slug - ft2) 

50900 

53000 

Iz - (slug - ft2) 

62000 

63000 

E.S. 

254.0 

256.5 

W.L. 

2.0 

-3.0 


FIGURE 4-45 


RTA SUMMARY WEIGHT DATA 



M260-RTA-1 

M2 60- RTA- 2 


(Turbotip) 

(Meehan"' cal 

Structure 

7383 

7150 

Propulsion 

8886 

9602 

Subsystems 

2467 

2537 

Weight Empty 

18736 

19289 

Non-expendable V.L. 

715 

971 

O.W.E. 

19451 

20260 


system, while the Model 260-RTA-2 (mechanical) incorporates the T-39 aft fuse- 
lage with a modified Sabreliner empennage and a mechanically interconnected 
propulsion system. 

The components both aircraft have in common are the modified Sabreliner 
wing, A~6 cockpit (Including canopy and windshield), and A-4 landing gear. 

Mew, all metal structure is required to integrate the propulsion system and 
the above mentioned components into the proposed configurations. 

Propulsion weights are based on vendor data with General Electric pro- 
viding turbo tip system information, and Allison/Hamilton Standard providing 
the mechanical system data. 
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4.4 DATA BASE SUMMARY 

Figure 4-46 shows the various data elements used as a basis for analysis 
and budgetary cost estimates of the selected program and aircraft approaches. 
The major airframe components required for each aircraft and their required 
modifications/integrations are discussed in Section 4.1 for the turbotip RTA, 
and in Section 4.2 for the mechanical RTA. Aerodynamic, propulsic.-) , control 
characteristics, and weight are summarized in Sections 2, 3, 4, and • for the 
RTA vehicles. The technical development program, including both grr und and 
flight test programs, is summarized in Volume III. Systems requiring develop- 
ment are Identified together with test objectives, instrumentation, and facili- 
ties required. A milestone schedule shows the integration of development tests 
for systems and aircraft and dock dates of major contractor and government 
furnished items, 

4.4.1 MAJOR EQUIPMENT LIST - The major government furnished airframe com- 
ponents, tooling, and test equipment are shown in Figure 4-47, and the major 
subsystem components are shown in Figure 4-48. Items are Identified as GFE 
and CFE, and are common for both airplane configurations except where noted. 

4.4.2 GROUND SUPPORT EQUIPMENT - It is assumed on-site GSE at contractor or 
government test facilities will suffice for the major support needs of the 
technology aircraft. This includes support for the various subsystems such 
as hydraulics, electrical, fuel, landing gear and brakes, and CNI. 

Special support equipment, such as required for the Automatic Flight 
Control Set, will be furnished by the contractor. Certain government furnished 
special GSE will be required for the propulsion system components, including 
checkout and handling equipment. The latter includes slings and transport 
adapters for the gas generators and fans- A preflight console for the instru- 
mentation data system will also be required as GFE. 
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FIGURE 4-46 

DATA BASE-TECHNOLOGY AIRCRAFT PROGRAM 
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FIGURE 4-47 

MAJOR GFE AIRFRAME COMPONENTS, TOOLING, 
AND TEST EQUIPMENT 



per A/C 

T-39 Center Fuselage 

1 

T“39 Wing Structural Assembly 

1 

Master Tooling at T-39 Center 
Fuselage Sjlice Bulkheads 

1 Set 

Full Set of r-39 Wing Tooling 

1 Set 

(a) F-lOl Aft luselage and Empennage 

1 

(b) T-39 Aft Fuselage and Vertical 
Tail 

1 

A-6 Cockpit Assembly 

1 

A-6 Canopy and Actuation System 

1 

A-6 Oxygen System 

1 

A-4 Landing Gear 

1 

Ejection Seat (Zero-Zero) 

2 

Three Degree of Freedom Test Rig 

1 


(a) Turbo tip Airplane Only 

(b) Mechanical Airplane Only 
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FIGURE 4-^8 

MAJOR SUBSYSTEM EQUIPMENT 



per A/C 

CFE 

GFE 

PROPULSION SYSTEM 




(a) YJ97-100 Gas Generator 

3 


X 

(a) LFA59 Lift Fan 

3 


X 

(a) Air Turbine Starter 

3 


X 

(a) L/C Vectoring Nozzle and Louvers 

2 

X 


(a) Nose Fan Vectoring Nozzle and Louvers 

1 

X 


(a) Interconnect Ducts, Bellows 

1 Set 

X 


(a) Gas Generator Isolation Valves 

3 

X 


(a) System Isolation Valves 

2 

X 


(a) Far, Isolation Valve 

3 

X ' 


(a) FTaC Modulation Valves 

3 

X 


(a) Diverter Valve 

1 

X 


(a) Lift/Cruise Fan Gearbox 

2 


X 

(b) PD370-274 Lift/Cruise Fan Assembly 
(includes engine, fan, gearbox, 
and clutch) 

2 


X 

(b) XT701 Turboshaft Engine 

1 


X 

(b) Lift Fan 

1 


X 

(b) Combiner Gearbox 

1 

X 

• 

(b) Lift Fan Clutch 

1 

X 


(b) Interconnecting Drive Shaft 

1 Set 

X 

1 

(b) Drive Shaft Support Bearings 

1 Set 

X 


FUEL SYSTEM 




Boost Pump 

2 


X 

Gaging System (includes probes) 

1 


X 

Miscellaneous Shutoff and Vent Valves, 
Regulators 

1 Set 


X 

Fuel Tanks (Fuselage) 

1 Set 


X 


(a) Turbo tip Airplane Only 

(b) Mechanical Airplane Only 
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FIGURE 4-48 (CONTINUED) 
MAJ OR -'UBSY STEM / EQUI PMENT 



per A/C 

CFE 

GFE 

FLIGHT CONTROLS 




Automatic Flight Control Set 

1 

X 


Flight Control Actuators 

1 Set 

X 


Signal Conversion Mechanisms 

1 Set 

X 


Pilot Cockpit Controls 

1 Set 

X 


Mechanical Transition Control System 

1 

X 


(a) Mechanical Throttle Control System 

1 

X 


UNDERCARRIAGE 

A-4 Main Landing Gear a id Mechanism 

2 


X 

A-4 Main Wheel, Brake, Tire 

2 


X 

A-4 Nose Landing Gear and Mechanism 

1 


X 

A-4 Nose Wheel, Tire 

1 


X 

A-4 Brake Control Valve 

2 


X 

HYDRAULIC SYSTEMS 




Variable Displacement Pressure 

2 


X 

Compensated Pump 




Reservoir (Bootstrap with RLS) 

2 


X 

Shutoff Valve in the RPS 

1 


X 

Miscellaneous Components for 2 Power 

2 

X 


Control Hydraulic Systems (3000 psi) 
ELECTRICAL SYSTEMS 




AC Generator, 15 KVA 

2 

X 


Constant Speed Drive 15 KW 

2 

X 


Transformer-Rectifier, 100 Amp 

2 


X 

Battery, 11 Amp Hour 

1 


X 

Inverter, 250 VA 

1 


X 

Generator Control Unit (compatible with 

2 

X 


generator listed above) 



— — 


(a) Turbo tip Airplane Only 
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FIGURE 4-48 (CONTINUED) 
MAJOR SUBSYSTEM/EQUIPMENT 



per A/C 

CFE 

GFE 

ENVIRONMENTAL CONTROL SYSTEM 




Electric Driven Fan (Cockpit and 

4 

X 


Equipment Cooling) 




(b) Air/Oil Heat Exchanger (Combiner 

1 

X 


Gearbox) 




(b) Electric Driven Cooling Fan (Combiner 

1 

X 


Gearbox) 




Miscellaneous Valves and Ducts 

1 Set 

X 

< 


t AVIONICS 




Communication, Radio Nav and 




Identification 
UHF AM Transceiver 

1 


X 

Intercomra 

1 


X 

IFF Transponder 

1 


X 

TACAN 

1 


X 

Antennas 




UHF/L Band 

1 

X 


> Transponder 

1 

X 


1 Navigation 

I 

Attitude and Heading Reference 

2 


X 

! Magnetic Azimuth Detector 

2 


X 

■ Radar Altimeter 

1 


X 

1 Air Data System 

' Air Data Computer 

■ 

1 

X 


( Pitot Static Probe 

2 


X 

1 Alpha/Beta Sensors 

2 


X 

j Total Temp Sensor 

2 


X 

1 Low Velocity A/S System 

I 

2 

X 


j Displays 

1 Attitude Director 



X 

1 Horizontal Situation Indicator 

1 1 


X 

I 

1 

- — 


(b) Mechanical Airplane Only 
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FIGURE 4-48 (CONTINUED) 
MAJOR SUBSYSTEM/ EQUIPMENT 


j 

1 per A/C 

CFE 

GFE 

AVIONICS (Continued) ' 




Displays (Continued) 




Altimeter ^ 

1 


X 

Standby Attitude Indicator 

1 


X 

MISCELLANEOUS | 

i 1 

1 1 



Fire Detection and Extinguishing 1 

System . j 

i 1 Set ! 

i ' 

1 

1 ^ 


Miscellaneous Flight Instruments 

1 Set 


X 

100 Channel PCM Tape and Telemetry 

1 System 


X 

Measureands 

80 

X 1 

1 
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5. AIRCRAFT CONTROL 

Aircraft control of the Research Teclinology Aircraft (RTA) and the 
specific control techniques are described In this section. The control capa- 
bilities have been determined and are compared to the minimum recommended 
control performance by the NASA study guidelines. 

5.1 BA. C CONTROL CONCEPTS 

Control of the RTA aircraft throughout the aerodynamic and powered lift 
flight envelope is provided by conventional aerodynamic control surfaces in 
combination with a three fan/ three engine propulsion system. Control in the 
powered lift portion of the flight envelope is provided by an airspeed 
dependent blend of the aerodynamic control surfaces with vectored thrust of 
two lift/cruise fans and a forward fuselage mounted lift fan. During transi- 
tion from hover to conventional aerodynamic flight, the powered lift controls 
are phased out as the effectiveness of the aerodynamic surfaces increases with 
airspeed. After conversion to conventional aerodynamic flight, the lift fan 
is shut down and the powered lift controls are disabled, General descriptions 
of the aerodynamic controls and the powered lift controls are given below, 

5.1.1 AERODYNAMIC CONTROLS - Stabllator, aileron, and rudder control surfaces 
provide aircraft pitch, roll, and yaw control within the conventional aerody- 
namic flight envelope, and airspeed dependent partial control within the powered 
lift flight envelope. All control surfaces are driven by irreversible, hydrau- 
lically powered actuators which are operational throughout the entire composite 
flight envelope. Thrust is generated in conventional aerodynamic flight by the 
two lift/cruise fans powered by two gas generators. 

5.1.2 PO^'JERED LIFT CONTROLS - Although aircraft control in portions of the 
powered lift flight envelope is provided in part by the aerodynamic control 
surfaces, the powered lift controls as discussed here refer to the means by 
which the thrust of the two lift/cruise fans and the forward fuselage mounted 
lift fan is modulated and vectored for STOL and VTOL operation. 

Powered lift aircraft control for VTOL operation is provided by vertically 
vectored lift/cruise fan thrust and lift fan thrust. Attitude control is 
accomplished by modulating and/or vectoring the thrust of the three fans so -as 
to produce the required roll, pitch, and yaw control moments. Height control 
in VTOL operation is functionally identical to total lift control and is 
accomplished by modulation of gas generator power. 
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Thrust modulation is utilized to produce roll and pitch attitude control 
moments and is accomplished by controlling the transfer of energy between the 
three fans. A roll control moment is produced by increasing the thrust of one 
lift/cruise fan and decreasing the other while maintaining constant lift fan 
thrust. A nose up pitch control moment is simularly produced by increasing 
the lift fan thrust while decreasing the thrust of each lift/cruise fan, A 
nose down pitch control moment xs produced by reversing the sense of the thrust 
modulation at each fan. Constant total lift is maintained by coordinating the 
thrust modulation of the three fans so as to produce no change in composite 
vertical thrust. 

Yaw control is produced by differential lateral vectoring of the lift fan 
thrust and lift/cruise fan thrust. Deflecting the lift fan thrust to the right 
or left while simultaneously deflecting the thrust of both lift/cruise fans in 
the opposite direction respectively produces a left or right yaw control moment. 
Because the effective thrust deflection angles, required to produce necessary 
yaw control capability are small, the coupled effect on total lift is negligible, 
Thrust deflection is produced by lift fan yaw vectoring louvers and lift/cruise 
fan yaw control vanes. 

Thrust vectoring louvers underneath the lift fan and vectoring nozzles on 
the lift cruise fans provide thrust vector control in transition. The lift fan 
and lift/cruise fan thrust vectors are scheduled to maintain zero pitching 
moment due to direct thrust forces. The current design vector rate is 50 degrees 
per second. The higher vectoring rate is, of course, desirable to enhance the 
research capabilities of the RTA. 

5.1.3 CONTROL REQUIREMENTS - The control design requirements were established 
to insure good maneuvering capability and, also, to provide sufficient forces 
and moments to stabilize the aircraft and to control disturbance and cross- ' 
coupling effects. The primary control design guidelines for maneuver control 
are summarized in Figure 5-1. Design control power is interrelated with 
aircraft stability requirements in that the characteristics of the stability 
augmentation system affect the Installed control power requirements, The 
inherent aerodynamic stability of a V/STOL aircraft decreases with reduction 
of airspeed until at a point approaching hover the aircraft becomes unstable. 

The inherent dynamic characteristics of the aircraft were evaluated and found 
to possess low frequency divergent csicllatory pitch and roll modes as sho^m 
in Figure 5-2. To achieve the specified hover stability, aircraft attitude 


rvtcd OFt/rJEL. f- AincFTAFT comfv\imv 

123 



A/wv'di4/oo i~t3r^isioaas/xt 


FIGURE 5-1 

PRIMARY VTOL CONTROL GUIDELINES 
RESEARCH TECHNOLOGY AIRCRAFT 



LEVEL 1 

LEVEL 2 

ATTITUDE CONTROL • 



ROLL 

±0.90 

±0.40 

ACCELERATION PITCH {RAD/SEC^} 

± 0.50 

±0.30 

YAW 

± 0.30 

±0.20 

ROLL 

±15 

±7 

ANGLE IN 1 SEC PITCH (DEGREES) 

± 8 

±5 

YAW 

± 5 

±3 

COMBINED CONTROL 

100% + 30% + 30% 

HEIGHT CONTROL 



WiTH 50% ATTITUDE CONTROL (g) 

±0,1 

-0.1, +0.05 

TRANSIENT RESPONSE (TIME CONSTANT) 



ATTITUDE CONTROL 

0.2 

0.3 

(SECONDS) 



HEIGHT CONTROL 

0.3 

0.5 
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FIGURE 5-2 

COMPLIANCE WITH STABILITY CRITERIA 
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and rate feedback loops are provided by a stability and control augmentation 
system which brings the aircraft pitch and roll natural frequency and damping 
response characteristics into compliance with tlie bevel 1 guideline stability 
criteria as indicated by the design point shown in Figure 5-2. 

Tl\e composite VTOL control power design guidelines are Indicated in 
Figure 5*-3. Tlie closed lt)op attitude control powers are dictated by require- 
ments for hover dynamic stability and attitude change in one second per inch 
of control stick displacement, These requirements may be translated into 
specified moment/inertia (M/I) ratios as indicated in Figure 5-3, 

5.2 TURBOTIP RTA CONTROL 

The specific methods employed by the Turbotip RTA to implement transfer 
of energy between fans for thrust modulation are discussed in this section. 

This is followed by a comparison of the Turbo tip RTA control capabilities id.th 
the NASA study guidelines. 

5.2.1 THRUST MODULATION - Transfer of energy between the three fans and 
coordination of thrust modulation so as to maintain constant total lift is 
provided by the combined action of the Energy Transfer and Control (ETaC) 
system and the fan Thrust Reduction Modulation (TRM) system, ETaC valves are 
located in the interconnecting ducts between fans at the inlets to the tip 
turbines. Partial closure of the ETaC valve at one fan produces an increase in 
thrust at all other fans without changing the thrust of its associated fan 
substantially. The TRIL system provides complimentary control of the thrust 

of each individual fan and Is coordinated with the ETaC system to negate the 
increase in total lift protiuced by this effect, as well as to provide greater 
control moment thrust differentials and better control response characteristics 
than are obtainable by the ETaC system operating alone, 

ETaC and TRM provide two paths for control force and moment signals as 
depicted in Figure 5-4, resulting in increased flight safety and survivability 
in the event of a major failure during VTOL. Loss of an ETaC or TRM function 
at a fan affects only a portion of the control capability, usually less than 
50%, which results in only a minor degradation of handling qualities. 

5.2.2 CONTROL DURING KORFiAL OPERATION - The Turbotip RTA was analyzed to 
determine the thrust modulation requirements. Attitude control in hover was 
determined to be more demanding of thrust modulation than control in transition 
or STOL. Tht thrust modulation levels required to satisfy the VTOL design 
control power requirements were determined and are shown in Figure 5-5. The 
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FIGURE 5-5 
TURBOTIP RTA 

THRUST MODULATION REQUIREMENTS 


PITCH 



ROLL 


LB 


34a L& 


<& 80 lb OIPFERENTIALLY 
VECTORED 
THRUST 
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indicated thrust increments (decrements) for pitch, roll and yaw control 
corresponds to the vertical takeoff gross weight. 

Available thrust modulation levels are defined by a temperature limit 
and other practical considerations. The VTOL control requirements are shown 
superimposed on a graph of available control power In Figure 5-f>. The 3 second 
1600“F EC'.T rating shown in the figure Is an upper bound on available modulation 
capability and is well in excess of the design guideline requirements for 
combined attitude control and height control with 50% attitude control. Thrust 
requirements in both cases, as well as the T/W = 1,05 sustained thrust capa- 
bility, are all well below the intermediate power rating. 

The 25% thrust modulation curve shown in Figure 5-6 represents a practical 
design goal which insures better control characteristics with respect to cross- 
coupling effects and control response. Combined attitude and height with 50% 
attitude control requirements are sho\ro in Figure 5-6 to be well within this 
design goal. Ttie relationship of the 25% thrust modulation roll and pitch 
attitude control capability to Level 1 guideline control criteria of Figure 5-1 
is shown in Figure 5-7. Also, the yaw attitude control capability based upon 
maximum effective thrust deflection angles of 4° and 8® at the lift fan and 
the lift/cruise fans, respectively, is shown in Figure 5-7. The yaw attitude 
control capability design point at the OWE + Payload weight is also indicated. 
Yaw attitude control capability is usually most critical at the landing gross 
weight as the ratio of thrust to be deflected to aircraft yaw inertia is 
generally smallest at this gross weight. In all three cases, the attitude 
control capability is shown in Figure 5-7 to be excess of the dual Level 1 
guidelines of required attitude angle change in one second and M/I ratio, 

5.2.3 CONTROL POWER CAPABILITY FOR RESEARCH - The Turbotip RTA aircraft has 
excess control margins for future research programs in the area of control 
power requirements. The margins based upon a 25% thrust modulation and on the 
1600®F EGT temperature limit for pitch and roll, and 4° and 8“ of thrust 
deflection for yaw are shown in Figure 5-8. The k° and 8“ yaw thrust deflection 
limits are somewhat arbitrary and may be raised to provide additional control 
capability . 

5.2.4 CONTROL WITH ONE ENGINE INOPERATIVE - Level 2 guideline control power 
requirements for operation in the one engine out emergency flight condition are- 
subs tantially reduced. The relationship of Level 2 emergency control require- 
ments to the one gas generator out propulsion system capabilities is shown in 
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FIGURE 5-7 
TURBOTIP RTA 
COMPLIANCE WITH LEVEL 1 
CONTROI CRITERIA 
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FIGURE 5-8 
TURBOTIP RTA 

CONTROL CAPABILITY FOR RESEARCH 
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FigurQ 5-9, It is evident from the figure that control capability as determined 
by tliQ 3 sec. 1600°F FfiT tt>mperature limit is wcl] in excess of the control 
modulation requirements wliicli are all below the Intermediate power rating. 

5.2.5 GYROSCOPIC COUPLING - Gyroscopic coupling is present between the pitch, 
roll and yaw axes due to the combined angular momentum of the fans and gas 
generators. Because of gyroscope coupling, a control input to the pitch axis 
induces angular accelerations about the roll and yaw axes, Similarly, control 
Inputs to the roll and yaw axes each induce angular acceleration about the 
pitch axis. The pertinent control power guideline requirements states that at 
least 90% of the specified normal control power capability shall remain after 
compensation for gyroscopically induced accelerations of magnitude corresponding 
to that produced by maneuvers employing guideline level control power. 

The gyroscopic coupling evaluations were performed at a power setting 
corresponding to T/W = 1.0 at VTO gross weight. The magnitudes of the gyro- 
scopically induced accelerations were determined by employing the guideline 
maneuver for each axis which required the greatest amount of control power 
modulation with the attitude stabilization systems engaged. For the pitch 
and roll axes, maneuvers corresponding to achieving the guideline attitude 
angular change in one second were employed and the maximum resultant angular 
rates were used to compute the maximum coupled gyroscopic accelerations. For 
the yaw axis, a maneuver producing the guideline angular acceleration (M/l ratio) 
was employed and the coupled gyroscopic acceleration at 1 second was utilized 
in the analysis. These maneuvers and the magnitudes of the coupled gyroscopic 
accelerations are shown in Figure 5-10. Reductions in available control power 
based upon 25% thrust modulation for the pitch and roll axes, and 4“ and 8° 
thrust deflection limits for yaw control are shown in Figure 5-11. The 
remaining control power in each case is significantly greater than the 90% 
guideline. 

5.2.6 CENTER OF GRAVITY TRIM - Coincident center of thrust and center of 
gravity (eg) at VTO gross weight is a design requirement which is accomplished 
by appropriate distribution of installed lift between the lift fan and the two 
lift/cruise fans. In addition, the turbotip aircraft design is such that there 
is no shif?: in the eg location over the weight range from the STO gross weight 

to the OWE + Payload weight. Therefore, eg trim requirements were not considered 
in determining the thrust modulation control margins. 
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FIGURE 5-10 
TURBOTIP RTA 

CONTROL POWER REQUIREMENTS 
TO ARREST GYROSCOPIC MOMENTS 
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FIGURE 5-n 
TURBOTIP RTA 

GYROSCOPIC COUPLING EFFECTS 
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5.2,7 CONTROL SYSTEM RE.SPQNSE - Control response consists of two components: 

(1) fan thrust response from an increase of gas energy, and (2) thrust 
reduction modulation. The uncompensated response characteristics of the first 
of these components is relatively slower than the second. The excess control 
margin in both normal and engine out operation permits effective use of lead 
compensation to significantly improve the fan thrust increase response time. 

Lead compensation ngnifies the initial value of control commands which causes 
a more rapid initial rate of increase in fan thrust. The initial magnification 
is washed out exponentially with the net result being a more rapid rise in fan 
thrust to the commanded level. 

Estimated values of each of the two response components and their combina- 
tion based upon previous LF460 fan studies and ETaC test results are shoira in 
Figure 5-12, The response time corresponding to the normal operation VTO gross 
weight is indicated on the Level 1 graph, that at the one engine out VL gross 
weight is indicated on the Level 2 graph, and that at the OWE + Payload weight 
on both graphs. With lead compensation, the response effective time constants 
are well below the guideline limits. The response time in the one engine out 
condition is at a lower power setting and is therefore only slightly greater 
than that for normal operation indicating an insignificant degradation in the 
control response time. 

5.3 MECHANICAL RTA CONTROL 

The control concept if the shaft coupled system is based on fan blade 
pitch ($) changes for aircraft pitch and roll control, and a combination of S, 
fan rpm, and engine power for height control, 

5.3.1 ATTITUDE CONTROL - Control signals cause a differential 0 change between 
the lift cruise fans for roll control, and between lift cruise fans and the 
lift fan for pitch control. Power transfer associated with these differential 

S changes occurs Inherently via interconnecting shafts. Yaw control is provided 
by yaw vanes located at the fan flow exits. The yaw system and the transition 
thrust vectoring system are common to both, mechanical and turbotip PvTA, The 
attitude control concept is illustrated in Figure 5-13. 

5.3.2 THRUST MANAGEMENT CONTROL - The thrust management control concept, 
providing the height and total power control functions, is illustrated in 
Figure 5-l4. This concept is based on direct command of engine power via fuel 
controls and an automatic compensation system operating through 3 control. 
Because fan thrust response to 3 control in the compensation scheme improves 
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FIGURE 5-12 

ESTIMATED CONTROL RESPONSE 
(LEAD COMPENSATION WITH ETaC) 


LEVEL I 



jtlr!ii:lc 

‘?_t^rk6i MoMENr ^ ' I 

. I- 

■f 

l-iiJiS 

Ilii: 

1 1 1 iT ! h 1 H M I 
lll'tTRM i! 

U- 

iTPr 

fi* 


owe +• 

FttVLOADi 

t II ’ I 'i 



VLGW 


uiTiTfniTS 


tONTyoi, ^ 

TRlpjjniiiiirir- 

I I I I!' i I TR.M T1 




on 


0.8 


o.q 


l.O 0.1 


0.8 


THRUST/ THRUST AT VT.O.G.W. (SS 000 LBS) 


TRH •THRUST REDUCTION MODULATION 


FIGURE 5-13 



MCDf>flJn/ELL. AtaCFtAET COMPAfSiV 

136 



HWnuM/oo Xdivaatstv -jisivivocicnv 


FIGURE 5-14 



MI)C A455I 
VOUIML I 




M)G A/i5r)i 
voLUMi; I 


effucLlvely total thrust rosponso for control, 'J'lio automatic. comp^iBa- 

tion also provides vortical rate damping to improve liel}>lit control precision 
and reduce external disturbances eff tacts on aircraft control tlirou(»|i a low 
authority closed loop control oi total tlirust. The automatic control fur tiler 
compensates for any lift changen resulting from power transfer during pitch and 
roll control Inputs. Thus the automatic compensation system provides important 
interface between pitch/roll and thrust management control systems and serves 
to decouple their respective control axes. It also provides, in conjunction 
with the aircraft's stability augmentation system, control priority management 
to insure that the more critical pitch and roll control functions are catisfied 
before the height (total thrust) control demands, 

The basic principle of operation of this thrust management control concept 
is briefly described as follows. 

A control signal from the power lever culling for total power increase is 
transmitted to the engine fuel controls, A signal difference is created imme- 
diately between the command signal and the fan rpm feedback signal. This 
difference is applied to the fan 6 controls causing an increase in blade angle 
of attack at all fans, increasing total thrust. However, because the blade 
angle change cuts into the 3 margin reserved for aircraft attitude control, a 
steady state change in 3 is not permitted. Therefore, fan rpm is allowed to 
increase which reduces the difference between the rpm feedback and the command 
signals. Since 3 change is proportional to the signal difference, 3 is reduced 
and settles out at its original steady state level as the rpm feedback signal 
approaches the command signal. Thus, attitude control margin is preserved. 

The principle of operation of this system is illustrated in Figure 5-15. 

The above described control laws are altered, however, at the limit fan 
rpm (free turbine speed). At this time a steady state 3 change is permitted 
with a correspondingly reduced attitude control margin, A full attitude 
control input at this time commands at least one fan above its maximum 3 
capability, while no restrictions are encountered on the fans commanded to 
lower 3. This combination of differential 3 settings requires lower total 
horsepower at the fans than the engines are delivering, with a re.sultant 
tendency to overspeed the fnas (free turbine). The overspeed control at the 
engines automatically reduces fuel flow which reduces engine power, thereby 
causing a reduction of total thrust output. Thus, a simultaneous command of 
full aircraft attitude control and thrust to weight (T/W) capability at maximum 
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FIGURE 5-15 
MECHANICAL RTA 
CONTROL SYSTEM CONCEPT 



VTO gross weight is resolved by giving priority to the attitude control moment 
over the T/W command. The minimum design T/W during full control application 
is 1,0. 

In the event of loss of automatic compensation, this thrust management 
concept reverts to an open loop engine power control system. Without the 
benefit of improved thrust response for height control, vertical rate damping, 
control interface, and priority management functions, aircraft control is 
degraded but still adequate to satisfy emergency level requirements. This 
design approach is consistent with the RTA philosophy of design considering 
the RTA's current state-of-the-art capabilities. This system was also modeled 
for the September 1976 FSAA flight simulation of the RTA. The results show 
that it provided satisfactory control characteristics. It is important to 
point out, however, that this control concept was developed based on a set of 
typical propulsion characteristics provided by the engine manufacturer solely 
for use in the flight simulation program. Propulsion performance data pro- 
vided specifically for this RTA definition study was insufficient to either 
confirm or revise this control system design. 

5.3.3 CONTROL THRUST REQUIREMENTS - To achieve compliance with the control 
design guidelines, the required mechanical RTA thrust modulation levels are as 
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shown in KiRure 5-16. The inaRnitude ol Llirimt uliange needed for pitch is 
approximately the same a.s lor the tuvboUlp RTA. Roll thruKt modulation, 
however, la conaidurahly higlier in this configuration than in the Turbotip RTA 
because gas generatora are located coaxially with the lift cruise fans resulting 
in higher roll inertia of the aircraft and a shorter distance between the lift/ 
cruise nozzles. Thrust deflection for yaw control compares very closely with 
the Turbotip RTA yaw requirements. 

5.3.4 CONTROL THRUST CAPABILITY - The engine company data provided for this 
study was plotted in terms of fan thrust versus fan speed for three fan blade 
pitch angles as shown in Figure 5-17. Miile the amount of data is not adequate 
to define the simulated control system as discussed earlier in this section, it 
was sufficient to determine the available control margins with respect to the 
RTA's operational gross weights at the constant maximum permissible fan RPM. 

As shown in Figure 5-17, the available fan thrust margin for attitude control 
at VTOGW T/W = 1 is nearly twice the guideline requirement if a reduction of 
stall margin is permitted as discussed in Section 3.2. 

FIGURE 5-16 
MECHANICAL RTA 

THRUST MODULATION REQUIREMENTS 



VECTORED 

THRUST 
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CONTROL THRUST DEFINITION 


BASED ON CONSTANT RPM CONTRU. SVSTl 
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5.3.5 GYROSCOPIC COUPLING ~ The gyroscopic coupling analysis performed for 
the mechanical RTA was identical to that previously described in Section 5.2 
for the Xurbotip RTA. The results of this analysis are shown in Figure 5"18, 
Comparie i of these values with those for the Turbotip RTA shown in Figure 5-10 
in Section 5.2 indicates the gyroscopic coupling to be less in all cases. This 
is due primary to the smaller mechanical fan inertias. 

FIGURE 5-18 

MECHANICAL RTA GYROSCOPIC COUPLING 


Coupled m/I 


Coupled Axis /Input Axis (rad/sec^) 

Roll/Pitch .06 
Pitch/Roll .05 
Pitch/Yaw .02 
Yaw/Pitch .02 
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5 , i\ i‘lk;ut contuol systbi 

Tin? baslo airmift cumf of tlu‘ turbotlp and machanJca] verHinriK 
of Ulie RTA and their respective control concepts are very similar. Only the 
methods of thrust modulation for aircraft attitude and height control, stemming 
from the means of energy distribution and transfer, are different between the 
two systems, This allows a common definition of the flight control system 
outside of the specific thrust modulation techniques. 

5.^.1 CONTROL SYSTEM FUNCTIONAL REQUIREMENTS - General flight Blmul.,tion and 
V/STOL flight experience very strongly reinforce the VTOL requirement for 
attitude stabilization. This was recently confirmed by RTA simulation tests 
condjcted by MCAIR on the FSAA under contract to NASA/Navy. The results, 
confirm most of the previously established desirable functions and modes for, 
the RTA. Pitch and roll attitude command is desired in hover. Above 30-40 
knots, the pilots prefer rate command for greater maneuver capability but with 
attitude stabilization between maneuvers to alleviate tjorkload. The directional 
axis command of yaw rate with a heading hold mode to keep the aircraft from 
weathervaning provides the desired characteristics in hover. In transition, 
feedback of lateral acceleration, roll rate, bank aivgle, yaw rate, and si i 
velocity is used to insure lateral-directional stability and good turn coor • 
dination performance. 

The heavy pilot workload on approach to a vertical landing can be reduced 
by an automatic vectoring mode operating as a function of range-to-go or 
altitude information. Automatic trim and manual takeoff trim setting selection 
eliminate pilot concern about maintaining the aircraft in trim, while the 
vertical rate damper reduces effects of disturbances and enhances precision of 
height control. 

A list of the desired flight control system functions and modes for the 
RTA is contained in Figure 5-19, 

5.4.2 FLIGHT CONTROL SYSTEM DESCRIPTION - The selection of a suitable flight 
control system for the technology demonstration aircraft is based on the premise 
that the aircraft should demonstrate all aspects of the technology which it 
represents. The elements and functions of the powered lift control system and 
uhe characteristics of V/STOL operation in general require a control system 
which is highly flexible. To satisfy this requirement, the Active Control 
System (ACS) approach was selected. The ACS is defined as a control-by-wire' 
through a dedicated flight control system computer as shown in Figure 5-20. 
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The ACS is a triplex hybrid implementation of digital and analog functions 
combined to achieve desired high reliability and flight safety goals, The 
analog computer provides the minimum flight control functions deemed necessary 
for safe flight, particularly during approach and landing following a complete 
digital system failure. The digital computer provides tlie capacity and fiexi- 
bllity required to incorporate many different primary flight modes, which are 
desirable for widening the scope of research applications. Both the anlog and 
digital computations are performed simultaneously. The redundancy provides 
capability to land safely in the event of either complete digital or complete 
analog control function computation failure with reduced performance in either 
case. 

The digital control-by-wire flight control system in the RTA is nearly 
ideal for applications to research. The high flexibility of the digital computer 
to accept changes and modifications not only permits optimization of the basic 
aircraft handling qualities throughout the flight envelope ’>ut also allows a 
wide range of aircraft configuration variations, flight conditions, and mission 
tasks for research. 


FIGURE 5-19 

FLIGHT CONTROL SYSTrM FUNCTIONS/MODES 

0 CONVENTIONAL FLIGHT REGIME 

MOTION DAMPING AND COMMAND SHAPING FUNCTIONS 

0 TRANSTttqn FLIGHT REGIME 

PITC.i RATE COMMAND/ATTITUDE hv-LD 

ROLL RATE COMMAND/ ATTITUDE HOLD/HEADING nOLD 

YAW RATE DAMPING/TURN COORDINATION 

0 HOVER FLIGH" nESIME 

PITCH ATTITUDE COMMAND 

ROLL ATT1:-JDE COMMAND 

YAW RATE COMMAND/HEAOING HOLD 

0 FLIGHT PATH CONTROL MODE 
AUTOVECTOR 

0 AUXILIARY FUNCTIONS 
AUTOMATIC TRIM 
TAKEOFF TRIM SELECT 
VERTICAL RATE DAMPER 
EXHAUST SPLAY (FLOW FIELD EVALUATION) 
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FIGURE 5-20 

RTA BASELINE FLIGHT CONTROL SYSTEM 
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6. CONCLUSIONS 

Based on Che results of Chis study it is concluded Chat the subject 
lift/cruise V/STOL technology demonstrator aircraft: 

o meet or exceed all of the design guidel.ine requirements 
o make maximum utilization of existing components 
o provide excess control power for research purposes 
o offer significant research capability at low cost 
o provide for demonstrating aero/propulsion efficiencies and cruise 
fan integrity at cruise and loiter conditions 
o utilize a low cost RTA approach for subsystem design 
o provide a low risk approach for demonstrating the lift/cruise fan 
V/STOL aircraft concept. 
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APPENDIX A 

DESIGN GUIDELINES AND CRITERIA 
FOR 

DESIGN DEFINITION STUDY OF A 
LIFT CRUISE FAN TECHNOLOGY V/STOL AIRCRAFT 

ATTACHMENT 1 
DATED DECEMBER 1975 


Attachment 1 to National Aeronautics and Space Administration, 
Ames Research Center, Moffett Field, California Letter 
RFP 2-26146 (RFL) dated April 9, 1976. 
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ATTACHfCNT 1 

DESIGN GUIDELINES AND CRITERIA 
FOR 

DESIGN DEFINITION STUDY OF A 
LIFT CRUISE FAN TECHNOLOGY V/STOL AIRCRAFT 

DECEMBER 1975 
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The purpose of chese guidelines is to provide a basis for comparing 
the conceptual designs of V/STOL Technology aircraft using the lift/cruise 
fan propulsion system. These guidelines will provide direction for only 
those items required for conceptual design considerations . This is not an 
attempt to provide criteria for either the preliminary or detail design of 
military aircraft. 

Except where specific criteria are given, handling qualities shall be 
consistent with the intent of AGARD-R-577-70 and MIL-F-83300. Under MIL-F- 
83300, the aircraft will be considered in the class II category. Two 
levels of operation will be considered. Level I is normal operation with 
no failures. Level 2 is operation with a single reasonable failure of the 
propulsion or control system. 

Upon any reasonable fa;' t of a power plant or in the control system, 
the aircraft shall be capable of completing a STOL flight mode takeoff and 
continuing sustained flight. With failure of the most critical power 
plant. Level 2 performance shall be achieved at sea level and at 90“F 
under the following conditions: (a) STOL Mode - capability for continuing 

flight on a flight path 1 1/2° above the horizontal at a weight which shall 
Include 2500 lbs, payload and fuel sufficient for 11 STOL test missions; 

(b) VTOL Mode - capability for a thrust to weight ratio of 1.03 without 
altitude control at a weight which shall include 2500 lbs. payload and fuel 
sufficient for 2 VTOL test missions. Fan failure during low speed flight 
is not .a design requirement (as similarly the case for rotor type or 
propeller-driven concepts), althought consideration of a turbo-engine 
failure is a design requirement. 
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1.0 Flight Safety and Operating Criteria 

1.1 Handling Qualities Criteria (low speed powered lift mode) 

Definitions of the two level.s are as follows; 

Level 1; Flying qualities are satisfactory for research 

and technology demonstration missions when flown 
by an engineering tesc pilot. 

Level 2: Flying qualities are adequate to continue flight 

and land. The pilot work, load is Increased but 
is still within the capabilities of an engineering 
test pilot. 

1.1.1 Attitude Control Power (S.L., 90°F) . 

Applicable for all aircraft weights and at any spaed up to 
Vcon- purposes of this study, the VTOL values will apply 

near hover (0 to 40 kts); where the STOL values will apply 
when operating above 40 knots. The Tables list minimum values, 
higher levels are desirable for research purposes. 

Level 1; The low speed control power shall be sufficient to 
satisfy the most critical of the three following 
sets of conditions: 

Conditions (a) — to be satisfied simultaneously, 

(1) Trim with the most critical CG position. 

(2) In each control channel provide control power, 
for maneuve'- only, equal to the most critical 

of the requirements given in the following table. 
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Axis 

Maximum Control Moment 
Inertia 

Attitude Angle 
in 1 sec after 
a Step Input 

VTOL 

STOL 

VTOL 

STOL 

Roll 

t 0.9 rad/sec^ 

± 0.6 rad/sec* 

± 15 deg 

± 10 deg 

Pitch 


+ 0.4 rad/sec^ 

t 8 deg 

+ 6 deg 

— 

Yaw 

+ 0.3 rad/sec^ 

± 0.2 rad/sec^ 

i 5 deg 

ir 3 deg 


These maneuver control powers are applied so that 100% of the 
most critical and 30% of each of the remaining two need occur 
simultaneously . 

Condition (b) — At least 50% of the above control 
power shall be available for maneuvering, after 
the aircraft is trimmed in a 25 knot crosswlnd. 
Condition (c) — At least 90% of the control power 
specified in condition (a) shall be available after 
compensation of the gyroscopic moments due to the 
maneuvers specified in condition (a) , This 
condition includes trim with the most critical 
CG positon, 

Level 2: The low speed control power shall be sufficient to 

satisfy, simultaneously, the following: 
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(1) Wilh lJx! iriusl i i itlciiT (-t'j jiusiiion trim .iftfi* 
any reasonable fihnjle failure of power plant 

or •oiiirol sy.'ilon). 

(2) Tn oaeh c ontrol c ltanni'l , provide control power, 
for maneuve^r only, I'cpjal to at lc*ast llte 
follcjw i ng : 



Ma.ximum Control ! 

..ment 

— 

Attitude Angle 


Inert i a 


in 1 sec after 
a Step Input 

Axis 

VIOL 

STOL 

VTOL 

.STOL 

Roll 

i: 0,4 rad /sec® 

ir 0. 3 rnd/sec® 

i- 7 dog 

i‘ 5 deg 

Ril I'h 

t 0.3 rad /sec® 

± 0.3 ra.l/r.eo® 

5 dt;g 

■t 5 deg 

Yaw 

i 0,2 rad/HBC® 

i 0.15 rad/noc® 

t 3 deg 

i % deg 


Simultaneous mnneuvcsr control i'<-'’^t>r nemd not Ijg greater than 
100% - 30% - J0%, • 


1.1,2 flight Path rM.iti-ol t'.'.-er (SL (o ! > ;0 ft., lO'’!')- 
1.1. 2.1 VTOL (0-40 kt TAS and ■-'cwo rate of di-sc:ent) 

At applieoblc aircraft weights .aid at thcr I'eiui i t imis Cor 
30% of the wa:-. liiium attitude cuntrol pi.-wer of (•ritic!al axis 
api-i! i fied in p.nra. 1.1,1 it aliall be penaible to produce 
I 1 a’ Co I 1 ' . 1 ,' I iig i a< r I I ifn f a I ! r i ■ i ■ 1 1 ■ I'a I i i m;> I i j r 1 n ■ i g1i t control: 
Lovc-l 1: (a) Tn free air O.lg 

(b) With '.Wii’i/ls jnat clear of the ground 
('.lOj',, f0.0''g 
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Level 2l (a) In free air -O.lg, +0.05g 

(b) With wheels just clear of the ground 
-O.lOg, +0.00g 

It shall also be possible to produce the following horizontal 
incremental acceleration, but not simultaneously with height 
control . 

Level 1; + 0.15g 

Level 2: ± O.lOg 

At applicable aircraft weights ir shall be possible to produce 
the following stabilized thrust-weight ratios without attitude 
control inputs. 

Level 1: II = 1.05 in free air (Takeoff power rating) 

W 

Level 2: Z = 1.03 in free air (Emergency power rating) 

W 

With the most critical engine failed, Level 2 performance shall 
be achieved at a weight which shall include 2500 lbs. payload 
and fuel sufficient for 2 VTOL test missions (figure la). 

1.1. 2. 2 VTOL and STOL Approach (40 kts. to VcoN^ 

At the applicable landing weight the aircraft shall be capable 
of making an approach at 1000 FPM rate of descent while 
simultaneously decelerating at O.OSg along the flight pach. 

It shall be possible to produce the following incremental 
normal accelerations by rotation alone (angle of attach change 
and constant thrust) in less than 1.5 seconds at the STOL 
landing approach nirspeed where reasonable rotation (angle of 
attack changes) will produce at least O.lSg's. 
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Level 1 ; i 0. Ig 
Level 2: + 0.05g 

It shall be possible to produce the following normal accelerations 
In at least 0.5 seconds for flight path, flare, or touchdown 
control by either thrust changes or combined thrust changes and 
rotation at STOL landing approach speeds below which O.lSg's 
can be produced by reasonable rotation alone. 

Level 1: i O.lg 

Level 2: t O.OSg 

1.1.3 VTOL and STOL Low Speed Control System Lags (S.L, to 1000 ft. 

90°) . 

The effective time constant (time to 63% of the final value) 
for attitude control moments and for flight path control forces 
shall not exceed the levels given in the following table. 



Level 1 

Level 2 

Attitude 
Control Moments 

0.2 sec 

0.3 sec 

Flight Path 
Control Forces 

0,3 sec 

0.5 sec 


With a step-type input at the inijt's control the commanded 
control moment or force shall be applied within the following: 
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Level 1: 0,3 aeconds for 0.3 incliuB of pilot's eontrol 

0,5 seounds for full pilot's control 
Level 2: 0.5 seconds for full pilot's control 

1.1.4 Stability (S.L. to 1000 ft., 90°F) 

1.1.4. 1 Hovering 

The frequency and damping of the airframe/control system 
dynamics, in the hovering condition, shall be within the 
following limits for the three rotary axes: 

Level 1: Optimum damping and frequency zone established 

from the Ames six-degree-of^freedom moving base 
simulator (figure 2). 

Level 2: The zone given in figure 2, The boundary of 

this zone corresponds to a damping factor of 
0.166 for values of Wq above 1 rad sec. 

1.1. 4. 2 Low Speed 

Level 1: The dominant oscillatory modes shall be maintained 

as close as possible to the optimum zone specified 
in section 1. 1.4.1 while maintaining other oscil- 
latory modes damped. Aperiodic modes, if unstable, 
shall have a time to double amplitude of greater 
than 20 sec. 

Level 2: The dominant oscillatory modes shall be maintained 

within Che Level 2 zone given in figure 2. Other 
oscillatory modes may be unstable provided their 
frequency is less Chan 0.84 rad/sec and their time 
to double amplitude greater than 12 sec. Aperiodic 
modes, if unstable, shall have a time to double 
amplitude of greater than 12 sec. 
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1.1. 4. 3 Cruise 

Tl^e aircraft as configured for cruise flight shall be 
statically stable at all gross weights with a stability 
margin of 0.05 at the critical center of gravity without 
stability augmentation, 

1.2 STOL Takeoff Performance 

The climbout gradient in the takeoff configuration, at 
takeoff gross weight, with gear down and most critical power 
plant failed at lift off shall be positive and the aircraft 
will continue to accelerate. 

During takeoff wing lift shall not exceed 0.8 

No catapults or arresting gear will be utilized. The rolling 

coefficient of friction will be 0.03. (for calculations) 

1.3 Conversion Requirements (STOL and VTOL) 

It must be possible to stop and reverse the conversion 
procedure quickly and safely without undue complicated operation 
of the powered lift controls. 

The maximum speed in the powered-lift configuration shall 
be at least 20% greater than the power-off stall speed in the 
converted configuration for level 1 operation and the speed in 
the powered lift configuration shall be at least 10% greater 
than the power off stall speed for the level 2 operation. 
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2.0 MlKHion 

2.1 Mission Summary 

2.],t Land Operation — The VTOL and STOL test missions are described 
in figure 1. 

- Minimum Mission Time - Level 1 

VTOL Missions 1/2 hour 

STOL Missions 1 hour 

Cruise/Endurance Mission 2 hours 

- Payload (not including crew) 2500 lbs (minimum) 

50 cu. ft. 

2.1.2 Shipboard Operation — Tha aircraft shall be capable of operating 
from the deck of a naval aircraft carrier. 

2.2 Minimum Cruise Speed 

- 300 KEAS at sea level and 0.7 at 25,000 ft. 

3.0 General Design Guidelines 

3.1 Austerity is to be stressed but not by compromising safety. 

3.2 The limit load factor will be no less than +2.5g, -0.5g at 
design gross weight. 

3.3 Sufficient attitude control power will be available to perform 
research on control requirements. The contractor shall indicate 
those axes where greater control power than required in section 
1.0 would be made available for research purposes. 

3.4 New aircraft components will be designed for approximately 
500 flight hours. 

3.5 Additional Information 

- Crew 2 pilots (flyable by one 

pilot only, or by 
either pilot) 

- Sink rate at touchdown 12 fps at max landing 

weight, 15 fps desired 
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- Pressurized cockpit is desired 
but not required 

- Oxygen required 

~ Cockpit Environmental System Minimum 

- Pilot's Primary Flight Controls Stick and Pedaj ■ 

- Ejection System for both pilots 

- Maximum possible visibility 

3.6 The contractor shall furnish an a minimum: 

a. Conceptual design aircraft layout drawing?. 

b. Mil Std, 1374 Part 1 shall be used to show the empty 
weight breakdown into the usual structural and system group 
including additions and deletions to the original aircraft. 

c. Low speed performance envelope at design gross weight. 

d. Conceptual definition of proposed aircraft low speed 
control and stabilization system. 

e. Control moment coefficients and control power about each 
axis with all gas generators rperating and with most 
critical gas generator failed. 

f. Engine and fan data which were used to calculate mission 
performance in all flight modes. 

4.0 Summary of Costing Information required for the Research and 
Technology Aircraft 

The Cost Breakdown is for a two airplane buy. The Cost Breakdown , 
shall be stated in five pricing elements; engineering labor, 
manuf.ncturing labor, materials and purchased items, other 
direct costs, and spares (if any). A listing of Government 
Furnished Equipment (GFE) assumed in the costing shall be 
included. It is '■ended that the costing information shall be 
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complete in that the total costs of the subitems listed in 
paragraphs 4,1 thru 4.8 shall equal the total costs of Che 
aircraft excluding the GFE items. 

4.1 Airframe Design and Modification including: 

° Landing Gear 

° Subsystem and conventional controls 
“ Cockpit 
“ Ejection seats 
° Wings 
° Fuselage 
“ Empennage, 

“ Miscellaneous 

4.2 Propulsion system including: 

“ Components in 5.0 
° Transmission components 
“ Transmission subsystem 
° Thrust vectoring 
° Miscellaneous 

4.3 Control System including: 

® Fly-by~wire controls 
* Augmentation systems 
° Miscellaneous 

:.,4 Propulsion System Testing including: 

° Components in 5.0 
“ Transmi .s.s ion rrimponcnts 
" Thrust vectoring 
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“ Qualification teats 
“ Aircraft ground tests 
“ Miscellaneous 

4.5 Control System Aircraft Testing Including: 

" Component tests 
° System integration 
° Aircraft ground tests 

4.6 Aircraft Ground Tests 

° Excluding aircraft ground tests in sections 4.4 and 4,5 

4.7 EjectioTi Seat Tests 

4.8 Flight Tests 

° Contractor Flight Test 

4.9 Government Furnished Equipment including: 

“ NA265-40 basi" airframe 
“ Airframe components 
° Fans 
“ Engines 

° Research instrumentation 
° Miscellaneous 

5.0 Summary of the Costing Information required for the high risk 
propulsion components 

The costs for each component shall be stated in four pricing 
elements; engineering labor, manufacturing labor, material 
and purchased items, and other direct costs. For each of 
the pricing elements, the component costs shall be stated for 
the following categories: data base requirements (effort 
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required to accumulate required data before detail design 
including data search, analysis, tests, etc.), design and 
manufacture, component testing, and unit qualification testing. 
Thus each component costs shall be stated in a four by four 
matrix. 
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BAND OF OPTIMUM 
FREQUi.NCY . 



FiGURL 2 , DYNAMIC STAolUTY CRITF^JA 


MDC A4551 
Volume I 



MDC A4351 
Volume I 


APPENDIX 0 

TURBOTIP RTA PROPULSION SYSTEM DATA PACKAGE 
(3) YJ97/(3) LCF459 FANS 


MCDOfUnJElj.L JXIftCKAET COH/iF’AIW 

B-1 



KDC A4551 
Volume 1 


I. PERFORMANCE DATA 


MCOONNEi-L. AinCrjCAFT COMEAMV 

B-2 



MCDOtVIVEI-L. A/ftCflAFT COMF’ANV 


(3) YJ97-GE-100/ (3) LCF 459 FANS 
NORt-LAL POlffiRED LIFT 

INSTALLED VTOL PROPULSION SYSTEM PERFORMANCE 
SLS, 89.8“F 




POOTR 

RATINGS 

; 

1 Parameters 

Max Dry 

Int. Dry 

Reduced Pov7er 

Gas Generator 




, 

! 

RFM 

% Nqq 

102.3 

101.5 

98 

95 

TIT 

«F 





EGT 

“F 

1452 

1431 

1284 

1153 

EGP 

psia 

51.19 

50.42 

44.39 

38.25 

Wg 

Ib/sec 

66.41 

65.77 

60.31 

54.04 

Wf 

Ib/hr 

4754 

4627 

3735 

2948 

Wa 

lb/ sec 

6:.. 42 

64.81 

59.57 

53.49 

•*H20/Wa 

% 

0.0 

0.0 

0.0 

0.0 

II2O 

LB/SEC 

0.0 

0.0 

0.0 

0.0 

Fans 






RPM (Fwd) 

% Nf 

94.7 

93.7 

85.4 

75.4 

RPM (L/C) 

% Np 

94.7 

93.7 

85.4 

75.4 

Wa (Fwd) 

lb/ sec 

571.84 

565,39 

516.56 

451.41 

Wa (L/C) 

Ib/sec 

571.84 

565.39 

516.56 

451.41 

Fk (Fwd) 

lb 

12560 

12276 

10121 

7855 

Fn (L/C) 

lb 

12436 

12154 

10021 

7777 

Total Propulsion 

System 





Lift 

lb 

37432 

36584 

30163 

23409 

Wf 

Ib/hr 

14262 

13881 

11205 

8844 

Lift SFC 

Ib/hr-lb 

.381 

.379 

.372 

.378 

Airflow 

Ib/sec 

1911.8 

1890.6 

1728.4 

1514.7 


MDC A4551 
Volume 1 





(3) YJ97-6E-1Q0/ (3) LCF459 FANS 
ENGINE OUT LIFT RATINGS 
INSTALLED VTOL PROPULSION SYSTEM PERFORMANCE 
SLS, 89.8“F 


Power Ratings 


Parameters 


Emergency 

Dry 

Intermediate 

Dry 

Gas Generator 
RP^[ 

^ Ngg 

107.1 

101.5 

TIT 

“F 



EGT 

“F 

1600 

1418 

EGP 

psla 

54.47 

49.79 

Wg 

Ib/sec 

68.08 

65.70 

Wf 

Ib/hr 

5468 

4570 

Wa 

Ib/sec 

66.90 

64.76 

H20/Wa 

% 

0.0 

0.0 

H20 

,1b/ sec 

0.0 

0.0 

Fans 




RPM (Fwd) 

% Nj- 

86.1 

81.6 

RPM CL/C) 

% Ni 

86.1 

81.6 

Wa (Fwd) 

Ib/sec 

520.82 

496.2 

Wa (L/C) 

Ib/sec 

520.82 

496.2 

Ffj (Fwd) 

lb 

10,156 . 

8955 

(L/C) 

lb 

10,055 

8866 

Total Propulsion 
Lift 

System 

lb 

30,266 

26,687 

Wf 

lb /hr 

10,936 

9140 

Lift SFC 

Ib/hr-lb 

.361 

.342 

Airflow 

Ib/sec 

1696.3 

1682.9 


Reduced Power 



4 
2 
6 

3690 

59.44 

0.0 

0.0 


74.5 

74.5 

453.2 

453.2 

7336 

7263 


21,862 

7380 

.338 

1537.9 


1144 

37.71 

53.83 

2905 

53.29 

0.0 

0.0 


66.5 

66.5 

401.8 

401.8 

5632 

5576 


MDC A4551 
Volume 1 










PERCENT FAN SPEED - % RPM 


TURBOTIP RTA 

INSTALLED CONTROL PERFORMANCE FOR THREE ENGINE VTO OPERATTQN 
(3) YJ97-GE-100/(3) LCF459 FANS 
SEA LEVEL, 89,8"F 

GROSS WEIGHT = 25286 L8 (5 CIRCUITS FUEL) 


SYSTEM OPERATING CHARACTERISTICS ‘ ONE LIFT/CRUISE FAN THRUST 



% NgG - PERCENT GAS GENERATOR SPEED - % RPM 


Volume 1 




% Np - PERCENT FAN SPEED - % RPM 


5 


TURBOTIP RTA 

INSTALLED CONTROL PERFORMANCE FOR ENGINE OUT VTO OPERATION 
(3) YJ97-GE-100/{3) LCF459 FAN SYSTEM 
SEA LEVEL, 89.8“F 

GROSS WEIGHT = 23660.LB_(2 CIRCUITS FUEL) 



94 9G 98 TOO 102 104 106 108 


ONE LIFT/CRUISE FAN THRUST 



% Ngg “ PERCENT GAS GENERATOR SPEED - % RPM 


A. 


MDC A4551 
Voiunui 1 



MDC A4.'jil 
jiunie I 


NET PROPULSIVE FORCE PER L/C FAN 
(3) YJ97/(3) LCF459 FAN SYSTEM 
INTERMEDIATE POWER, STD DAY 
(ONE ENG/ ONE FAN) 



} 


MCOONIVEt-U AlFtCFtAFT COMFiaMV 

B-7 



ALTITUDE 


MDC A4I>51 
Vo Lumo 1 


b.'EL FLOW PER GAS GENERATOR 
(3) YJ97/(3) LCF 459 FAN SYSTEM 
INTERMEDIATE POWER, STD DAY 
(ONE ENG/ONE FAN) 



n7CoopjiVEi.i. M.imCFifKw^T con^pa/uv 

B-8 



MDC A4551 
Volume 1 


REDUCED POl^ER PERFORMANCE 
(3) YJ97-GE-100/(3) LCF 459 FAN SYSTEM 
(ONE ENGINE/ONE FAN) 

STANDARD DAY 



0 2 4 6 8 10 12 14 16 

F„_/6 - CORRECTED NET PROPULSIVE FORCE - 1000 LB. 

Nr a 


MCOONNEUl- AmCftAET COMPANY 





MDC A4551 
Volume 1 


LIFT/CRUISE FAN INLET MASS FLOW RATIO 
(3) YJ97/(3) LCF459 FANS 


ALT /MACH NO. 



mCDOISINEl,l. AIKCTtMET COMFVltVV 

B-10 






t'lDC A45S1 
Volume I 






RAM DRAG - 10 LB 


MDC A4351 
Volume I 


TOTAL RAM DRAG DURING POWERED LIFT FLIGHT 
(3) YJ97/C3) LCF 459 FANS 
S.L., sg.s-F 

NORMAL OPERATION 



tt/ICDGUVNEC-L. AIRCFtAFT COMPaiVY 

B-12 


RAM DRAG 


MDG A4551 
Volume I 


TOTAL RAM DRAG DURING POWERED LIFT FLIGHT 
(3) YJ97/C3) LCF 459 FANS 
S.L., 89.8”F 



MCOOIMnlEI-l. AmCKAlFT COMfVAIVt' 

B-13 


MDC AA!>51 
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II. INSTALLATION FACTORS 


MCaONNEU^ ASnCKAFT COMPrANV 

B-14 



MDC A4551 
Volume I 


GAS RTA 

PROPULSION SYSTEM INSTALLATION FACTORS 
VTO OPERATION 

Installation Factor 

Component Installation Loss 
GAS GENERATORS 

Inlet Pressure Recovery Page 13 

Compressor Bleed 1/2% 

Horsepower Extraction 25 HP/Eng. 

L/C FANS 

Inlet Pressure Recovery Page 13 

Horsepower Extraction 50 HP/Fan 

Nozale Thrust Coefficient .940 

NOSE FAN 

Inlet Pressure Recovery ,988 

Nozzle Thrust Coefficient .950 

INTERCONNECTING DUCTING 

L/C Fan Duct Pressure Loss ' 10.3% 

Nose Fan Duct Pressure Loss 10.3% 

Scroll Pressure Loss • 5% 

ADDITIONAL PERFORMANCE ALLOWANCES 

Thrust Derate 3% 


MCDOIMNEUL. AIFtCeiAET COfl/tf^AlVy 

B-15 



MDC A4551 
Volumt* I 


GAS RTA 

ESTIMATED TOTAL PRESSURE RECOVERY 
S.L.S.j 89.8"? 



MCOOnilMEL-L. AiftanAET COMPANY 

B-16 


GROSS THRUST RATIO 


9S 

^ to 


VECTORING SYSTEM PERFORHAHCE 


GROSS THRUST VARIATION 
DURING VECTORING 




■nmniHH 


■■■gymeg 


INTERNAL CASCADE LIFT VECTORING NOZZLE 


20 40 60 80 100 . 120 - 
0 -i. THRUST VECTOR. ANaE 


1; 

^ 1 


*MOVAaL€ VANES 
fOHTmAA»a 
VAWVECTOniNa 


ecfitsoL 




UOVADLE THRUST / 
vectoni.'Js vwes-a- 



•■D" VENTED LIFT/CRUISE 
VECTORING NOZZLE 


YAS.VVANS 


90 ® VECTOR POSmOM 


MIJC A4551 
Volume 1 




MDC A4551 
Volume I 


GAS RTA 

PROPULSION SYSTEM INSTALLATION FACTORS 
CONVENTIONAL FLIGHT 


Nominal 

Installation Factor 


Component Installation Loss 


GAS GENERATORS 

Inlet Pressure Recovery (a) 

Compressor Bleed 1 % 

Horsepower Extraction 25 HP/Eng. 

L/C FANS 

Inlet Pressure Recovery (a) 

Horsepower Extraction 25 HP/Fan 

Nozzle Thrust Coefficient =98 

INTERCONNECTING DUCTING 

L/C Fan Duct Pressure Loss 4.2% 

Nose Fan Duct Pressure Loss 

Scroll Pressure Loss 5 % 

ADDITIONAL PERFORMANCE ALLOWANCES 

Thrust Derate 3S 

Engine Bay Ventilation and ECS Drags (b)' 


Notes: (a) During cruise, fan and gas generator recoveries vary per Page 16 

Ch) Ten percent of intermediate power gas generator 
ram drag at all Mach/altitude/power settings. 


M-CTDO/V/Vtr/-/- AIFtCfTAf^T COMPANY 

B-18 



INLET TOTAL PBESSURE RECOVERY 





INLET DRAG COEFFICIENT 'x- 


ESTIMATED INLET DRAG CHARACTERISTICS 



MDC A4551 
Volume I 






NOZZLE DRAG 


NO NOZZLE DRAG INCLUDED IN HPF 


MDC A«51 
Volume I 



^a)C A/(551 
Volume I 


HE. PHYSICAL DIMENSIONS AND WEIGHTS 


ntcnoniniELt, AmcrtAFT corvtp/\nlY 
B-22 



DIAMETER = 17 IN 





DUCT (CROSS TYPE SECTION) 





.<;N0SE fan ETaC VALVE 
















TURBOIIP KTA 

KOSE FAN UNIT DESIGN GUIDELINES 


O INTERNAL GEO^^ETRY 

- INLET LIP CONTOUR - 1.41:1 ELLIPSE 

- CONTRACTION RATIO =1.84 

o INLET AREAS 

- Ahl = 4185 IN. 2 

- Axh = 2278 IN. 2 

O INSTALLED PERPORIIANCE 

- INLET RECOVERY > .988 

- NOZZLE VELOCITY COEFFICIENT =0.95 
o VECTORING REQUIREMENTS 

- ARTICULATING VANES: 40" i 6 < 105" 

- YAW VANES; ±16" 


LIFT CRUISE INLET DESIGN GUIDELINES 


S o 


fe 


cJ I? 

ha. 

tyi t=3 


00 



0 IffTERKAL GEOMETRY 


- MAX INTERHAL WALL ANGLE (umax) 

- liJLET LIP THICKNESS RATIO (V/Rhl) 

- INLET LIP CONTOUR 

- UP LEADING EDGE RADIUS (RlIP) 

- INTERNAL DUCT CONTOUR 

- DIFFUSER 'LENGTH RATIO (Ld/Dft) 


- 7“ 0 .5 Ld 

- .10 

- 2:1 ELLIPSE 
■ .05 Rhl 

- CUBIC CONTOUR 

•= 0.5 : 



< 

o 


c 

3 

(B 


MDC A4551 



ORiGINAU PAGE IS 
OE POOR QUALITY- 


GAS GENERATOR SIDE INLET DESIGN CRITERIA 


td 

I 

M 


I 

I 

I 

•n 

s 

0 

0 

1 

2 


o INTERNAL GEOMETRY 

- MAX INTERNAL WALL ANGLE (e wAX ) 

- CONTRACTION RATIO CKhL^^TH^^ 

- INLET LIP CONTOUR 

- INTERNAL DUCT CONTOUR 

- DIFFUSER LENGTH RATIO (Ld/Be> 

- ENGINE FACE DIAMETER (Dg) 
o EXTERNAL GEOMETRY 


- LIP LEADING EDGE RADIUS (Rgg) 
" COi;!! CONTOUR 

o INLET AREAS 


= 5° at .5 Lj) 

= 1.40 

= 2:1 ELLIPSE 

= CUBIC CONTOUR 
= 1.39 
= 20.15 IN. 

= h^/a 
= DAC-3 SHAPE 


- Ahl = 2.688 FT^ 
“ Ath = 1.920 Ft2 





bDC A4551 
Volume I 



AivvkfAVOO 


GAS GENERATOR TOP INLET DESIGN CRITERIA 


(FOR 3rd ENGINE) 


o INTEENAI, GEOMETRY 


- MAX INTERNAL WALL ANGLE (0MAX) 

- 

9" at 

.5 Ld 

- CONTRACTION RATIO (Rhl/RTH)^ 

= 

1.40 


- INLET LIP CONTOUR 


2:1 ELLIPSE 

- INTERNAL DUCT CONTOUR 

= 

CUBIC 

CONTOUR 

- DIFFUSER LENGTH RATIO (Ld/De) 

= 

.50 


- ENGINE FACE DIAMETER (Dg) 

= 

20.15 

IN. 

o EXTERNAL GEOMETRY 




- LIP LEADING EDGE RADIUS (Rle) 

- 

b2/a 


- COl^L CONTOUR 


DAC-3 

SHAPE 

o INLET AREAS 





- Ahl = 2.710 FT^ 

- Ath = 1-920 Ft2 




MDG A4551 
Volume I 



MDC A4551 
Volume I 


L/C NOZZLE SIZING CHARACTERISTICS 
(3) YJ97-GE-100/(3) LCF 459 |ANS 




VTO NOZZLE EXIT AREA « 4487 IN.^ 
CRUISE NOZZLE EXIT AREA « 1900 

cruise 

L^ = 58.85 IN. 


MCOOIVtSlCUL AmCHAIFT COMRANV 

B-29 



MDC AA551 
Volume I 


YJ97 CYCLE DESIGN CHARACTERISTICS 



UNINSTALLED CHARACTERISTICS AT INTEBMEDIATB. 


S.L, STATIC, 

standard day 

% Ngg. % KPM 

101.5 

CPR 

14.07 

WA(3g» lb /sec 

69.2 

TIT, “R 

2487.1 

egt, °R 

1834.6 

EGP, PSIA 

52.967 

wgas> lb/sec 

70.54 

WFM, LB/HR 

4822 

WEIGHT, LB 

739 

HPI 

13700 

HP I /WEIGHT 

18.54 

HPI SFC 

.352 


MCOONrJELL. /KHaCFtAt^T COMPVXnlV 

B-30 



MDC A4551 
Volume I 


LCt‘459 TURBOTIP FAN DESIGN CHARACTERISTICS 



UNINSTALLED CHARACTERISTICS AT INTERlfEDIATE 
S.L. STATIC, STANDARD DAY 


Aero De'sign. FPR 1.319 
TDPR 1.19 
Fan Airflow, Ib/sec 646 
Turbine Gas Flow, Ib/sec 70.54 
Thrust, lb 14,152 
SFC .341 
Fan Diameter, in. 59 
Fan Weight, lb 


KicaontniEt-L. AinCftAFT comfvumv 

B-31 


850 
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APPENDIX C 

MECHANICAL RTA PROPULSION SYSTEM DATA PACKAGE 
(3) PD370-25A/ (3) 62 INCH VARIABLE PITCH FANS 


jCUFtCrtAFT COMFJUNY 

C-1 



MDG A/(551 
Volume I 


I . PERFORMANCE DATA 


n^CDOtstJMmi^iL Atntcn/xr=-r comraiwv 


C-2 



0 

1 

u 


MECHANICAL RTA 

INSTALLED VTOL PROPULSION SYSTEM PERFORMANCE 
SLS, 89.8°F 


PARAMETERS 


NORf-lAL 
INT. DRY 
(T/l#1.25)q) 


POWER 


RA.TINGS 


NORf^L 
(MCAia EST) 
(T/W=I.05)q) 


ENGINE OUT 
INT. WET -i- 25“ 
CT/t/=1.06)(2) 


ENGINE OUT 
(HCAIR EST) 
(T/W=1.03)C2) 


SUPERCHARGED GAS GENERATOR (CORE) 


RPM 

% NgG 

EOT 

°F 

WA 

LB/SEC 

Wf 

LB/HR 

wgas 

LB/SEC 

WH20 

LB/SEC 




104.6 


jlOl.l 

2290 


l_2077j 


44.9 
3618 

45.9 
0 


40.1 

2846 

40.9 

0 


108.1 

2375 

45.9 

3887 

47.0 

1.4 


106. 5j 
22971 

45.2 
3739 

46.2 
1.36 


UNSUPERCHARGED GAS GENERATOR (CORE) 


RPM 

% NgG 


BOT 

“F 


WA 

LB/SEC 


Wf 

LB/HR 


Wgas 

LB/SEC 


WH20 

LB/SEC 


FANS 



RPM (LIFT & L/C FANS) 

% Nf 

Wa (L/C FAN) 


LB/SEC 

Wa (LIFT FAN) 


LB/SEC 

eL/c/3LIFT 


DEGREES 

TOTAL PROPULSION 

SYSTEM 


LIFT 

LB 


Wf 

LB/HR 


LIFT SFC 

LB/HR/LB 



100.8 

2290 

41.3 

3346 

42.2 

0 


[TM7o 

638.1 

641.8 

-0.40/-0.10 


I327nal 

10,582 

.329 



97. 2i 


108.0 



106.4 


2o: ; 


2375 



2297 


38,5 


41.7 


41.1 


2741 


3579 


3430 


39.3 


42.7 


42.1 


0 


1.3 


1.23 

1100^ 1 

1 iioo.q 1 

noo.oi 


581.8 


563.5 


554.2 


583.3 


571.5 


562.1 

-10.0/-9.85 

! -10.60/- 

9.30 

-13.20/-1 

[26,953 

25,7561 1 

1247978] 


8433 


^4W 


7169 


.313 


.290 


.287 


(1) 5 CIRCUITS FUEL 

(2) 2 CIRCUITS FUEL 




MDC N4551 
Volume I 




NET THRUST PER FAN - 1000 LB 


MECHANICAL RTA CONTROL PERFORMANCE 
LIFT/CRUISE FAN 
SLS, 89.8°F 
100% Np 


NORMAL OPERATION ENGINE OUT OPERATION 



A3 - DEGREES A3 - DEGREES 


DDA DATA 

MCAIR EXTRAPOLATION 


MCOOWfVEXJL JteXCetArr CODCfVaMV 


MDC AA55] 
Volutnti I 




ALTITUDE - 1000 FEET 


MDC A^i551 
Volume 1 


MECHANICAL RTA 

NET PROPULSIVE FORCE PER L/C FAN 
(3) PD370-25A/(3) FAN SYSTEM 
INTERMEDIATE POTOR 
STANDARD DAY 



Fj^ - NET PROPULSIVE FORCE - 1000 LB 


MC0OAr/i/c<.x. AtnanAFT company 

C-5 



MDC A4551 
Volume I 


MECHANICAL RTA 
FUEL FLOW PER GAS GENERATOR 
(3) PD370-25A/C3) FAN SYSTEM 
INTERMEDIATE POWER, STANDARD DAY 



MCDonJrvEt-L. /imcrtAFT comramk 


C-6 



Wp/ -V 0a^a “ CORRECTED FUEL FLOW - 10^ LB/HR 


MDC A4551 
Volume I 


REDUCED POWER PERFORMANCE 
PD370-25A MECl-IANCIAL FAN RTA 
STANDARD DAY 



tvtco OfV/VEl. U COIVir’ANY 

C-7 





^mc A4551 
Volume 1 


LIFT/CRUISE FAN INLET MASS FLOW RATIO 
PD370-25A MECHANICAL FAN RTA 
AERO DESIGN FPR = 1.2, FAN DIA. = 62 IN. 



Fnp - NET PROPULSIVE FORCE - 10^ LB 


NOTES: 1. Ahl = 1.25 At 

2. At BASED ON FOLLOWING: 

o THROAT MACH NO. =0.77 
o FLIGHT MACH NO. = 0.3 
o INTERMEDIATE POWER AT 36,089 FT 
WITH 3% AIRFLOW MARGIN 


CrO/VTFM/VV 

C^S 




MDC A4551 
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RAM DRAG 


MDC A4551 
Volume I 


RAM DRAG DURING POWERED LIFT FLIGHT 
PD370-25A MECHANICAL FAN SYSTEM 
S.L.S. , 89.8"F 
NORMAL TAKEOFF DRY 



MCD O/V/VEIL L. AIFtCnjXf^T COIt/IFVXlMY 
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RAM DRAG - 10 LB 



MDC A455I 
Volume 1 


RAM DRAG DURING POWERED LIFT FLIGHT 
PD370-25A MECHANICAL FAN SYSTEM 
S.L.S., 89.8'’F 
ENGINE OUT 
INT WET 



FLIGHT VELOCITY - KNOTS 


MICDOIVIVEta. AtKCrtAFr COMFMWV 


C-11 




MDC A4551 
Volume I 


II. INSTALLATION FACTORS 


WtCDOIMMEt-l. ^inCFlAFT COMPAISIY 

C-12 



MDC A455X 
Volume I 


MECAHMICAL RTA 

PROPULSION SYSTEM INSTALLATION FACTORS 
VTO OPERATION 


NOMINAL 

COMPONENT INSTALLATION FACTOR 

TURBOSHAFT ENGINES , 

PRESSURE RECOVERY'* .975 

COMPRESSOR AIRBLEED® (LB/SEC) 0.10 

HORSEPOWER EXTRACTlONa 125C O'* 

L/C FAN AND NACELLE 

PRESSURE RECOVERY .988 

DUCT PRESSURE LOSS (b) 

(FAN COLD STREAM) 

NOZZLE THRUST COEFFICIENT .94 

LIFT FAN SYSTEM 

PRESSURE RECOVERY .988 

NOZZLE THRUST COEFFICIENT .95 

CENTER GEARBOX 

HORSEPOWER EXTRACTION 0 

HORSEPOWER LOSS (b) 

ADDITIONAL PERFORf^NCE ALLOWANCES 
NET THRUST OPPATE 0 

SUPERCHARGING 100% 

FAN HP ALLOWANCE DUE TO DEAD ENGINE 2% 

GROUND EFFECTS/REINGESTION 0 


NOTES: (a) PER ENGINE 

b) FURNISHED BY ENGINE CO. 

(c) SUPERCHARGED ENGINE 

(d) NON -SUPERCHARGED ENGINE 


MCOOMtVEt-l. AlftCftAFr- COMPANy 

C-13 



INLET PRESSURE RECOVERY 


M)C 

Volume I 


MECHANICAL RTA 

ESTIMATED PRESSURE RECOVERY FOR STATIC PERFORMANCE 



n/icooninJEL-L. Amca/\FT comfaimv 



P o 

ll 

sf 

tg 


CZ3 


0 

1 

H 

<J1 


1 

s 

0 

2 

r 

i> 

1 

n 

•i 

0 

1 

2 

■<! 


VECTORING SYSTEM PERFORMANCE 


INTERNAL CASCADE LIFT VECTORING NOZZLE 



9 THRUST VECTOR ANGLE 


MDC A4551 
Volume I 



biDC AA'iSl 
Volume* I 


MECHANICAL RTA 

PROPULSION SYSTEM INSTALLATION FACTORS 
CONVENTIONAL FLIGHT 


Component 

Gas Generator 

Pressure Pvecovery'^ 

Compressor Airbleed^ (Ib/sec) 
Horsepower ExP‘'*aGtlon^ 

Nozzle Thrust rficient 

L/C Fan and Nacelle 
Pressure Recovery 
Duct Pressure Loss 
(Fan Cold Stream) 

Nozzle Thrust Coefficient 

Lift Fan System 
Pressure Recovery 
Nozzle Thrust Coefficient 

Additional Performance Allowances 
Net Thrust Derate 

Center Gearbox 

Horsepower Extraction 
Horsepower Loss 


Cruise 


See Page 16 

0.10 

.98 


See Page 16 
(b) 


.98 


(b) 

0 

(b) 


Notes : 


(a) Per Engine 

(b) Furnished by Engine Co. 

(c) Supercharged Engine 

(d) Non-Super charged Engine 


/VICrDO/V/VCLL AIFtCftAFT COn/IP/kFilV 
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INLET TOTAL PRESSOKE HECO’/ERY 


MDC 

Volume I 


MECHANICAL RTA 

ESTIMATED INLET TOTAL PRESSURE RECOV='RY 
CONVENTIONAL FLIGHT 



FLIGHT MACH NUMBER 


n/icDOiviM£Ut, Amcn/XFT coivimivv 

C-17 




INLET DRAG COEFFICIENT AF-r/q 


2 

8 

0 



.3 .4 .5 .6 .7 .8 .9 1.0 


MASS FLOW RATIO (A^/Aj^) 


MDC A4'»'il 
Voluma I 




MDC A4551 
Volume I 


NOZZLE DRAG 

NO NOZZLE DRAG INCLUDED IN NPF 


Mcaoi\iniEi.t. AHwCft/iFT corvip/xrjy 

C-19 
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III. PHYSICAL DIMENSIONS AND WEIGHTS 


MCOO/WEt-L. AinCajXFT COntPANV 

C-20 








C-22 


MECHANICAL RTA 

NOSE FAN UNIT DESIGN GUIDELINES 

0 INTERNAL GEOMETRY 

- INLET LIP CONTOUR = 2:1 ELLIPSE 

- CONTRACTION RATIO = 1.45 

•0 INLET AREAS 

- Ahl = 3584 IN. 2 

- Ath = 2472 IN. 2 

0 INSTALLED PERFORMANCE (STATIC) 

- INLET RECOVERY = .988 

- NOZZLE VELOCITY COEFF. = .95 

0 VECTORING REQUIREMENTS 

- ARTICULATED VANES: 40° 5 6 < 105° 

- YAW VANES: +16° 
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MECHANICAL RTA 

LIFT/CRUISE UNIT DESIGN GUIDELINES 

0 INTERNAL GEOMETRY 

- MAX INTERNAL WALL ANGLE (emv) 

- INLET LIP THICKNESS RATIO (Y/Rhl) 

- INLET LIP CONTOUR 

- LIP LEADING EDGE RADIUS (Rlir) 

- INTERNAL DUCT CONTOUR 

0 EXTERNAL GEOMETRY 

- COWL THICKNESS RATIO (Rhl/RNAX) 

- COWL FINENESS RATIO [Lc/(RmAX " ^HL^^ 

- COWL CONTOUR 

0 INLET AREAS 

- THROAT = 16.63 FT^ 

- HIGHLIGHT = 20.79 FT2 




* 7” 0 .5 Ln 

= .10 

= 2:1 ELLIPSE 
= .05 Rhl 
= CUBIC CONTOUR 


= .85 

= 6.0 

= DAC-3 SHAPE 


jktmcmjkrr comamtit 
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GAS GENERATOR TOP INLET DESIGN CRITERIA 
(SEMI-FLUSH INLET DESIGN FOR THIRD ENGINE) 


o INTERNAL GEOMETRY 

- CONTRACTION RATIO (Rhl/RTH)^ 

- INLET LIP CONTOUR 

- ENGINE FACE DIAMETER (De) 

- DIFFUSER WALL ANGLE (20wall) 

- DUCT INSIDE TURN RADIUS (Rq) 

- TURN CONTRACTION RATIO (RSTA IS/^e)^ 


2.0 

2:1 ELLIPSE 
18.4 in. 

7 ° 

27 in. 

1.18 


o EXTERNAL GEOMETRY 

- LIP LEADING CONTOUR (Rle) 

- COl^L CONTOUR 


v2/ 

b /a 

DAC-3 SHAPE 


o INLET AREAS 

- Ahl = 332 in^ 
“ A.TH ~ 166 
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LIFT/ CRUISE FAN CRUISE NOZZLE AREAS 
PD370-25A MECHANICAL FAN RTA 
STANDARD DAY 


Cvl 



/VTCDO/VWEJ./. JXIFICFI/XFT COMfV\IMV 
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L/C NOZZLE SIZING CHARACTERISTICS 
PD370-25A MECHANICAL FAN SYST;EM 




AnoZvto ° nozzle exit area = 5369 in^ 

AjjoZcRUISE CRUISE NOZZLE EXIT AREA = 2200 
L'j; = 65.25 in. 


MCOOtMniEl,i. aiFtCn/iFT COMfrAlkIV 

C-26 



MECHANICAL RTA PROPULSION SYSTEM 
LIFT/CRUISE UNIT 





0 

1 

M 

■vj 


UNINSTALLED DESIGN CHARACTERISTICS 
S.L.S., 59"F 
INTERMEDIATE 


COMPRESSOR PRESSURE RATIO 12,3 

OVERALL PRESSURE RATIO 14.8 

BYPASS RATIO 

PRIMARY AIRFLOW, LB/SEC 

BURNEROUT TEMPERATURE, °F 

FREE TURBINE INLET TEMP. °F 

FAN INLET AIRFLOW, LB/SEC 

HP REQUIRED PER FAN, HP 

COLD STREAM THRUST, LB 

PRIMARY THRUST, LB 

TOTAL THRUST, LB 

TOTAL SFC, LB/HR-LB 

WEIGHT, {L/C UNIT), LB 2361 

TMRUST/WEIGHT (L/C UNIT) 



mcs>ommvu. coMCFMArr 
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XT701 TURBOSHAFT ENGINE 



UNINSTALLED ENGINE CHARACTERISTICS 
S.L.S., 59°F 
INTERMEDIATE 


% Ngg. % RPM 

100,0 

CPR 

12.3:1 

AVG. PR/ STAGE 

1,21 

WAgg. LB/SEC 
TIT, °R 

44.3 

EGT, °R 

2097 

SHP 

8079 

Wefts, lb/sec 

45.4 

Wf, lb/hr 

3780 

WEIGHT, LB 

765 
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MECHANICAL RTA 
NOSE FAN UNIT 


INSTALLED DESIGN CHARACTERISTICS 
S.L.S., 90°F 
INTERMEDIATE DRY 


FAN DIA., IN. 

62 

Nfan. ^ RPM 

TOO 

Vjip, FT/SEC 

932 

WfaN« LB/SEC 

597,8 

WEIGHT, NOSE FAN, LB 

1047 

FAN THRUST, LB 

9461 

THRUST/WEIGHT 

9,04 

Ap FAN, DEGREES 

-4 

HP REQ'D 

6159 
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